low 





' TO 
nay 

ot 
rare 
mal 
re- 
and 
lali- 
nty 
the 

ot 





ous, 
ned 
10se 
ab- 
has 
su- 
pred 
mes 
10r- 


hell. 


AOMI 
Vers. 


AOMI 
ecan 
Agr. 


AOMI 
sub- 
Hic- 
- 2. 





William Bateson 





X-Ray-Induced Lethals in Datura Earless Sheep 


Inheritance of Huntington’s Chorea 


VoLUME 21 MARCH, 1930 NUMBER 3 




















The American Genetic Association 


An incorporated organization devoted to promoting a knowledge » 


laws of heredity and their application to the improvement of — 
plants, animals, and human racial stocks 


DAVID FAIRCHILD, President 


Vice-President, W. E. CASTLE 


Secretary, C. E. LESLHTY 


Treasurer, MRS. G. W. SINCELL 


JOHN B. LARNER, Financial Advisor 


Legal Advisors, PEELLE, OGILBY and LESH 


EDITORIAL BOARD 


M. DEMEREC 


H. J. MULLER GEORGE 


R. R. GRAVES 


L. C. D' NN 


DARROW PAUL POPENOE 


Members of the Council are ex-officio members of the Editorial Board 


Managing Editor: 


ROBERT C. COOK 


COUNCIL 


W. E. CASTLE, Professor of Zoology, Harvard 
University, and Research Associate of the Carne- 
gie Institution of Washington. 

LEON J. COLE, Professor of Genetics, University 
of Wisconsin. 

G. N. COLLINS, Botanist, U. S. Department ot 
Agriculture, Washington, D. C. 

O. F. COOK, Bionomist in Charge of Breeding In- 
vestigations, U. S. Department of Agriculture. 
DAVID FAIRCHILD, Agricultural Explorer, U. S. 
Department of Agriculture. _ 
HARRY V. HARLAN, Senior 
Charge of Barley Investigations, U. 

ment of Agriculture. 


Agronomist in 
S. Depart- 


<f ADVISORY 


W. S. ANDERSON, Genetics Department, Univer- 
sity of Kentucky, Lexington, Kentucky. 

E. B. BABCOCK, Genetics Department, University 
of California, Berkeley, California. 

E. A. BESSEY, Professor of Botany, Michigan 
State College, East Lansing, Michigan. 

A. F. BLAKESLEE, Plant Genetist, Carnegie In- 
stitution, Cold Spring Harbor, New York. 

J. K. BREITENBECHER, McGill University, 
Montreal, Canada. 

W. E. BRYAN, Professor of Plant Breeding, Uni- 
versity of Arizona, Tucson, Arizona. 

Cc. B. DAVENPORT, Director, Department of 
Genetics, Carnegie Institution of Washington, 
Cold Spring Harbor, L. I, New York. 

J. A. DETLEFSEN, Professor of Genetics, Wistar 
Institute, Philadelphia, Pennsylvania. 

RUSSELL W. DUCK, Professor of Animal Hus- 
bandry, Syracuse University, Syracuse, New York. 

E. M. EAST, Professor ot Plant Genetics, Bussey 
Inst. of Applied Biology, Boston, Mass. 

R. A. EMERSON, Piofessor of Plant 
Cornell University, Ithaca, New York. 

Cc. P. GILLETTE, President, The Genetic Founda- 
tion, Fort Collins, Colorado. 

Cc. M. GOETHE, Sacramento, California. 
HARRISON R. HUNT, Professor of Biology, 
Michigan Agricultural College, East Lansing. 
H. S. JENNINGS, Professor of Zoology, Johns 

Hopkins University, Baltimore, Maryland. 

D. F. JONES, Plant Breeder, Connecticut Agricul- 
tu. /1 Experiment Station, New Haven, Conn. 

M. A. JULL, Senicr Poultry Husbandman, U. §. 
Department of Agriculture, Washington, D. C. 
F. B. LINFIELD, Director, Montana Experiment 

Station, Bozeman. Montana. 

WM. A. LIPPINCOTT, Professsr of Poultry Hus- 

bandry, University of California, Berkeley, Cal. 


Breeding, 


C. E. LEIGHTY, Agronomist in Charge of Eastern 


Wheat Investigations, U. S. Department of Agri- 
culture. 


VERNON KF! LOGG, Chairman, Division of Ed- 


ucatior: * elations, National Research Council, 
Wacaimegt an ° 

5, os aa Bureau of Plant Industry, U. S. 
Dep-r * syiculture. 

E. wW. », Chief of Animal Husbandry Divi- 
s'9n ~epartment of Agriculture. 

rRevL! ~\ ADAMS WOODS, Lecturer on Biol- 


ogy, Massachusetts Institute of Technology. 


SEWALL WRIGHT, Professor of Zoology, Un:- 
versity of Chicago. 
COMMITTEE |: 

C. C. LITTLE, Director, Roscoe B. Jackson 


Memorial Laboratory, Bar Harbor, Maine. 
JAY L. LUSH. Animal Husbandman, Texas Agri- 
cultrr-" xperiment Station, College Station. 
H. '.. w.wkKWMAN, Professor of Zoology, University 

of Chicago, Chicago, III. 

T. S.. PALMER, Expert in Game Conservation, 
U. S. Dept. of Agriculture, Washington, D. C. 
JOHN H. PARKER, Professor of Agronomy, Kan- 
sas State College, Manhatten, Kansas. 
MRS. CHARLES C. RUMSEY, Wheatly Hills, 

Westbury, Lony Island. 

JOHN M. SCOTT, Vice Director, Florida Agricul- 
tural Experiment Station, Gainesville, Florida. 
JOHN W. SCOTT, Professor of Zoology, Univer- 

sity of Wyoming, Laramie, Wyoming. 

A. D. SHAMEL, Pomologist, U. S. Department of 
Agriculture, Riverside, California. 

GEORGE H. SHULL, Professor of Biology, Prince- 
ton University, Princeton, New Jersey. 

W. W. SMITH, Professor of Animal Husbandry, 
Purdue University, Lafayette, Indiana. 

CHARLES R. STOCKARD, Professor of Anatomy, 
Cornell University, New York City. 

A. B. STOUT, Director of Laboratories, New York 
Botanical Gardens, New York City. 

W. T. SWINGLE, Plant Physiologist in Charge of 
Breeding Investigations, U. S. Department of 
Agriculture, Washington, D. C. 

LOU D. SWEET, Seedsman, Denver, Colorado. 

W. H. TCMHAVE, American Aberdeen-Angus 
Breeders’ Association, Chicago, II] 

H. E. WALTER, Professor of Biology, Brown Uni- 
versity, Providence, Rhode Island. 

H. J. WEBBER, Director, Citrus Experiment Sta- 
tion, Riverside, California. 

E. N. WENTWORTH, Armour’s Bureau of Agr’l 
Research and Economics, Chicago, Illinois. 

P. W. WHITING, Department of Biology, Univer- 
sity of Pittsburgh, Pittsburgh, Pa. 


. the 


| 
| 
| 





he ca EE 8S ok 





Ri} 


1 





the 


HTY 


NN 


fern 
gri- 


Ed- 


icil, 


ivi- 


iol- 


wait — | 


The 


tournal of H 


Vol. 


+o 


XX] MARCH, 1930 


eredity 


No. 3 





IN THIS ISSUE 


RIXFORD—V ETERAN PLANTSMAN 


By ee PR . YY 
EK ARLESSNESS IN KARAKUL SHEEP 

oe A a SIE 
HIUNTINGTON'S CHOREA 

By Paul Popenoe and Kate Brousseau............ 113 
RADIUM EXPERIMENTS WITH IDATUR 

By J. 7. Buchholtz and A. ! beslee........ 119 
DOUBLE SEX REVERSAL IN A HEN 

By R. A. MecCance and A. Walton . 130 
A MeEtTHOD or PRODUCING AND DETECTING 

SORGHUM HyprIps 
By George M. Reed ooccc...cccccccccc occu... 138 
HIRE CSIR 

THE SixtH INTERNATIONAL GENETICS CONGRESS 112 
S0OKS RECEIVED ...0....-ccccccccecececececcocceeeee re 118 
GENETICS INTERPRETED (A Review)........................ 131 
WILLIAM BATESON ............ ee ge 13] 
WorbLp's FourtH Pou.Ltry CONGRESS....................... 144 


“2h 


COMING 


Human Heredity 


Missing Teeth Inherited—How 
Immigrants “Eat Out” the Native- 
Born—Decay of Ancient Civili- 
zations—Identical Triplets. 


e 


The Coton Plant 


Historically and _  Botanically 
considered—with a summary of 
Genetic Research to date. 


e 


Breeding Hen-Feathered 
Leghorns 


Normally Leghorns are sexually 
dimorphic in_ feather-characters, 
but it is possible to breed a strain 
in which its males are hen-feath- 
ered. 


~) 


€ 


Chimeras in the Date Palm 


Our leading monocotyledonous 
tree-crop displays unique features 
in vegetative mutations. 





+48 


ae 





The JOURNAL OF HEREDITY is published monthly by the AMERICAN GENETIC 


ASSOCIATION, at 
Washington, D. C. 
ness management of the Association to Room 


1918-32 Harford Avenue, 


Baltimore, 
Address all communications regarding editorial matters and the busi- 
306, Victor Building, 


Md., and Victor Building, 


Washington, D. C. 


Entered as second-class matter February 24, 1923, at the postoffice at Baltimore, Mary- 


land. 


American Genetic Associaticn. Reproduction of 


articles 


Acceptance for mailing at the special rate of postage provided for in Secticn 1103, 
Act of October 3, 1917, authorized December 20, 1918. 


Contents copyrighted 1930 by the 
or parts of articles only upon 


request, for a proper purpose, and provided due credit is given to the author and to the 


JOURNAL OF HEREDITY, Washington, D. C. The title 
registered as a trade-mark in the U. S. Patent Office. 


$3.50 a Year 


Prices of back numbers on application 


“Journal of Heredity” is 


35c. the Copy 





SSS CO Perens 











RIXFORD--VETERAN PLANTSMAN 


Awarded the Ninth Meyer Medal by the Council of the A. G. A. for 
Distinguished Service in Plant Introduction 


W. C. Trescue* 


T is the idle machine that rusts, and 
the soft metal that wears. And so 
it is with humans. 

Gulian Pickering Rixford’s career 
exemplifies that rare combination in 
human flesh, an inherited longevity that 
resists wear and the will to fight rust 
with work, blended with a spiritual 
quality that sees in each sunrise a happy 
opportunity to carry on yesterday's task 
or to initiate a new one. To such a 
spirit the sunset is merely the forerun- 
ner of another dawn. 

To one of a younger generation, the 
recording of some of the high lights 
and accomplishments of such a career 
becomes a rare privilege and an inspira- 
tion. 

Over ninety-one years of zestful liv- 
ing! Though his retirement from the 
Government service in 1929 and the con- 
ferring of appropriate honors upon him 
by his associates mark the incentive to 
write this sketch, to Mr. Rixford re- 
tirement shortly after his ninety-first 
birthday was merely another passing 
sunset. There was work to be continued 
on the morrow. 

With each planting of a tree or shrub 
he optimsitically extends his anticipated 
life-span another notch. Thus, during 
a visit to the Rixford ranch at Los 
Altos, in the western foothills over- 
looking the Santa Clara Valley, Calli- 
fornia’s “Valley of Heart's Delight”. 
the writer commented upon the time 
required for certain trial plantings to 
reach fruiting. The characteristic Rix- 
fordian reply was: “Why, of course, 
but if I didn’t expect to see them fruit, 
why do you suppose I'd be planting 
voung trees? I’m just a youngster and 





have quite a bit of work planned for 
the next few years.” 

On October 25, 1929, several days 
before the announcement of his retire- 
ment,y the Frank N. Meyer medal was 
conferred upon Mr. Rixford at Merced, 
California, by Dr. C. B. Hutchinson, 
Director of the Giannini Foundation of 
the University of California, represent- 
ing the American Genetic Association. 
Though temporarily stricken with ill- 
ness a short time previous, the recipient 
was on hand for the ceremony. And 
particularly appropriate was the fact 
that its occasion was the banquet of the 
Fifth Annual California Fig Growers’ 
Institute. What was more fitting than 
that the father of the Smryua fig in- 
dustry in California be so honored in 
the presence of fig growers! 


In transmitting the medal, the com- 
mittee of award said: 


The American Genetic Association has been 
entrusted by members of the Office of For- 
eign Plant Introduction of the U. S. Depart- 
ment of Agriculture, with the awarding of 
a medal struck in memory of Frank N. 
Myer, its agricultural explorer, who lost his 
life in China. The award is made for dis- 
tinguished service in the field of foreign 
plant introduction. 

The Council of the Association has se- 
lected you, Gulian P. Rixford, of San Fran- 
cisco, California, to receive this medal, the 
ninth to be awarded. Through your per- 
sistent effort, in spite of discouragements, 
delays and difficulties, the Smyrna fig was 
introduced into California. You have devel- 
oped improved varieties of Caprifigs and in 
many other ways have furthered the fig in- 
dustry. In addition to your outstanding con- 
tributions to fig culture, you early devoted 
your energies to the introducing into Cali- 
fornia of seeds and plants of rare and un- 
usual varieties, among them the casaba melon. 
You are now actively engaged in aiding the 





*Horticultural Editor, The Pacific Rural Press, San Francisco, California. 


tEpitor’s Nore—Upon recovery from his illness, Mr. Rixford was reinstated by the 
Department of Agriculture so that the Government is still enjoying the benefit of his long 


experrence and his activities in horticultural studies. 


He will retire on August 20, 1930. 





100 


establishment of the pistache nut as a com- 
mercial crop, and in furthering the avocado, 
persimmon and pomegranate industries. 

The results of your labors are preserved 
in living memorials in the orchards and gar- 
dens of California and the Southwest. The 
horticulture of this region has been perma- 
nently enriched through your zeal, enthusi- 
asm and devotion through a period of over 
fifty years. 

In recognition of these services it is with 
great pleasure that the Council of this Asso- 


ciation awards you the Frank N. Meyer 
Memorial Medal of Foreign Plant Intro- 
duction. 

Thus were culminated twenty-one 


years of service as crop physiologist in 
the Bureau of Plant Industry, plus at 
least twenty-eight preceding years of 
“amateur” activity, during which, though 
occupied with other affairs, the prac- 
tice of horticulture as an avocation re- 
sulted in the initiation of projects which 
were to bring honor and inspiration for 
further work in later years. 

It is fair, then, to state that from 
1879, when he first conceived the idea 
of introducing the famed fig of Smyrna, 
to 1929, when he “retired” from active 
service, fifty years of his life were de- 
voted more or less continuously to the 
upbuilding of the horticultural industry. 
His was a vital role in the evolution of 
California's great horticultural enter- 
prises. 


Early Life 
Gulian Pickering Rixford was born 
at Kast Highgate, Vermont, on Septem- 
ber 21, 1838. The family had been 
engaged in scythe-making for many 
vears near Winchester, New Hamp- 
shire, and later at East Highgate. In 
1850 the business was divided and 
Luther P. Rixford, father of Gulian, 
moved across the Canadian border to 
Bedford, Province of Quebec, where 
good water power was available, while 
his brother, O. S. Rixford, continued 
making scythes and later axes at East 
Highgate. This factory, still in the 
family, is making scythes and axes to- 
day, a record of continuous production 
for over 120 years. 
Moved to Canada at 


the age of 
twelve. the transslanted 


son otf Ver- 


EEE 
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mont found himself rapidly learning 
the secrets of tempering steel and other 
mechanical processes. 

But education was not neglected and 
after preparation at the Academy, Stan- 
bridge East, Province of Quebec, the 
young scythe-maker who was later to 
become an expert horticulturist entered 
McGill University at Montreal in 1862 
to study civil engineering. He grad- 
uated in May, 1864, a year marked by 
another important event in his life. He 
married Caroline Corey soon after 
graduation. 

Shortly he received his certificate as 
Provincial Land Surveyor after the cus- 
tomary examination and proceeded to 
the practice of his profession. For two 
vears, working for a prominent engi- 
neering firm, he was engaged in con- 
struction work, including the laying 
out of a street railway in Quebec, a 
railroad from St. Johns, Province of 
©uebec, to Swanton, Vermont, and a 
bridge or two, said to be still in service. 

Then, in 1867, a momentous decision 
was made in the Rixford family. The 
call to adventure, the lure of the West 
and ‘California fever’ could not be de- 
nied, and the early part of that year 
while the nation was in the throes of 
reconstruction saw a family of three do 
what millions have since done—follow 
the westward course of empire. 

From the fact that there were three 
in the family at that time, one correctly 
infers that a child had been’ born. 
Emmet P. Rixford, now an eminent 
surgeon in San Francisco, was born in 
1865 in Bedford, Canada, and accom- 
panied his parents westward. Three 
vounger children were subsequently born 
in the West, in 1868, ’70 and ’73. They 
are Geneve (Mrs. Geneve R. Sergeant), 
Loring Pickering Rixford, architect, 
and Caroline (Mrs. B. C. Byrd). All 
are living, testifying to the staunch 
stock from which they sprang. The 
mother passed away in 1913. 

The trip West was slow but fascinat- 
ing, we may assume. The journey was 
made over the Vanderbilt or “Opposi- 
tion” line via the Isthmus of Nicaragua. 
Crossing was made through Nicaragua 
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via the San Juan River. Because the 
water was low the party was _ placed 
on barges pulled by wading negroes, 
then across Lake Nicaragua, thence 
transferred by muleback to Aspinwall, 
where a west coast steamer carried them 
northward to San Francisco. 

Off the coast of Mexico the steamer 
broke one side-wheel drive shaft and 
put in at Cape St. Lucas. There the 
commandante, friendly to the competing 
Pacific Mail line, conspired to prevent 
their sailing but the resourceful skipper 
got away in the face of heavy weather 
and finally made San Francisco on 
April 11, 1867, just at dark, two years 
after the close of the Civil War. 

The twenty-nine year old civil engi- 
neer was hardly a stranger to horticul- 
ture in spite of his professional career, 
because it is a matter of family pride 
that even in Vermont and Canada he 
showed a knack for propagation and a 
love of plants. And we may well 
imagine that the trip through the Cen- 
tral American tropics was a revelation 
and an inspiration to this hobbyist. In 
later years, when plants claimed all his 
interest, he was to make several trips 
back into Central America. 

But 1867 saw the Rixford family es- 
tablished in San Francisco, and of 
course, a job was a consideration of 
importance. Skilled mechanics and 
engineers were not long idle in those 
days and the head of the house was 
soon employed in a machine shop where 
his training in handling steel and tools 
stood him in good stead. 

After a year, however, a more active 
life involving contact with public affairs 
attracted him, and he accepted a posi- 
tion with the San Francisco Call and 


Bulletin, of which an uncle, Loring 
Pickering, was senior partner. This 
may be marked as another turning 


point, because it was during his twenty- 
one years with the newspaper that his 
interest in horticulture grew from mere 
curlosity to intensive study, thence to 
accomplishment and the final attain- 
ment of prominence among California 
plantsmen. 

For twelve vears he served as com- 
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mercial reporter and editor, starting as 
a reporter on the San Francisco produce 
markets in 1868. There, daily, he saw 
the arrival of produce of all kinds, an 
experience that must have swelled the 
urge to learn more about the fascinating 
game of production. 

His last nine years in newspaper 
work were spent as business manager 
of the Bulletin, and with this advance- 
ment his interest in plants was resolved 
into action. Obviously, his job called 
for the building of a newspaper, and to 
attract readers, especially those at 
country points to which the weekly 
edition was sent, it was customary to 
offer premiums with subscriptions. But 
why waste money on trinkets of little 
permanent value, thought Rixtford. An 
expanding agricultural industry deserved 
something more constructive, so why 
not offer cuttings and seeds of new 
varieties ? 

And so was born the search for and 
introduction of the Smyrna fig—in 
1880. By combining  business-getting 
duties with his hobby he introduced 
seeds of many new _ vegetables and 
flower varieties, an undertaking which 
immediately identified him with the 
horticultural progress of the country. 
In 1880 he began to keep his scrap 
book of clippings from the daily and 
agricultural press of the country, a col- 
lection which was to grow to unusual 
size and historical significance, and 
which today reposes in a fireproof safe 
furnished by his co-worker and chief, 
Dr. Walter T. Swingle of the Depart- 
ment of Agriculture. Systematically 
through the years he filed all interest- 
ing items and articles about California 
fruits. According to his son, Dr. 
Emmet Rixford, bureau drawers were 
temporarily stuffed with them against 
rainy days when the family was put to 
work assisting in arranging, pasting 
and indexing them. 

When the late E. J. Wickson arrived in 
California, Rixford took him in tow— 
showed him the ropes, in other words— 
and in later years, this beloved horti- 
culturist, teacher and writer was wont 
to refer to Rixford as his “introducer.” 
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THE THREE MEN WHO MADE POSSIBLE THE 
CALIFORNIA SMYRNA FIG 


Figure 2 


G. P. Rixferd, seated, 
cuttings in California: 


covered the necessity for caprifying Smyrna figs; 
who 


T. Swingle, examining fruits, 


insects, making crops possible. 
twenty years ago. 
Meanwhile he spent considerable 


energy in directing the newspaper's af- 
fairs, and won the distinction of intro- 
ducing and using the first stereotyped 
plates on the Pacific Coast, long before 
the first rotary press was invented. But 
in 1889 he retired to private affairs. 
Subsequently for several years he was 
manager of the Inyo Marble Company. 

Along with his burrowings into horti- 
cultural science he took an active inter- 
est In organization affairs and served 
for five years as secretary of the Cali- 
fornia Academy of Science, and is still 
a member of the Council. His contri- 


butions to newspapers, agricultural 
journals and_= scientific works were 
numerous. What was first a matter ot 


interested curiosity and then a hobby 
became a serious and absorbing part 
of his life, and along with the growth 
of his clipping file he became an in- 
veterate and careful note-taker. His 
valuable collection of original notes re- 
poses in the safe along with his clip- 
pings. 


With all his activities, and unquench- 
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able curiosity, Rixford became a walk- 
ing plant introduction — station! By 
correspondence with consuls over the 
world he imported numberless novelties 
and improvements, among them the nut- 
meg melon from France (from which 
the Rocky Ford cantaloup was bred), 
the Telephone pea from Iengland, a 
number of tomatoes, grapes from the 
Levant, liles from Japan, and other 
flowers, and the Casaba melon. 


The last-named introduction, a fruit 
of considerable value in California to- 


day, was made through Dr. J. D. B. 
Stillman, who discovered the melon 


while travelling in the Levant as coim- 
panion of the son of Senator James G. 


Flood and sent seed to California. 
Rixford grew it and distributed the 
seed to subscribers to the Bulletin. 


Named after Kassaba near Smyrna and 
of Arabic origin, Rixford, quoting Still- 
man, insists that the common accenting 
of the middle syllable is in error; the 
first and particularly the last syllables 
are properly to be stressed. 

An interesting and significant reflec- 
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A PLANTS MAN AND SOME OF HIS PETS 
Figure 3 


Among the subtropicals with which G. 


ranch in the thermal belt of Santa Clara County 


he is shown alongside some of his pets. 


tion of his foresight and observance of 
detail lies in the fact that even before 
the enactment of rigid quarantine laws, 
while an understanding of foreign pest 
introduction was still meager, he care- 
fully fumigated all imported cuttings 


with carbon bisulfide before opening 
them. 
During all these years his children 


were growing and taking their places in 
the world. To add to his joy, his father 
and mother had followed the younger 
Rixford family to California shortly 
after the overland railroad had been 
completed. A brother, the late E. H. 
Rixford, became a prominent attorney 
in San Francisco; but he too found de- 
light in horticulture, and picked viticul- 
ture and wine-making as a_ hobby, 


Rixford is experimenting on his Los 
is the cherimoya. Here, 


Altos 


in his 92nd year, 


subsequently becoming an authority of 
standing and an author of a book on the 
latter subjects, The Wine Press and 
The Cellar. 

The elder Rixfords purchased a ranch 
near Sonoma, which, we take it, became 
the “Rixtord [Experiment — Station,” 
used by all members of the family. It 
was there, Dr. Emmet Rixford recalls, 
that his uncle and he launched upon an 
amateur experiment in olive oil making 
that was to bring a bit of distinction 
to the family. 

The olives were picked and carefully 
dried in the attic. During the winter 
a mortar and pestle were made out of 
a milk can and a club, the olives were 
ground and the juice squeezed through 
a wine press on a cold day. The heavy 
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Tesche: Rixtord 
oils wouldn't run, so only the light oil 
came off, and this was set in stone 
crocks tor three months and carefully 
skimmed and dipped off. The result 
was a very delicious hight oil. In 1889 
two pint bottles were filled and fur- 
nished with special labels printed for 
the occasion, and sent to the exposition 
at Paris. The exhibit was awarded one 
of the two medals won by California 
for olive oil, and the Rixfords had to 
pay for the cost of casting the medal! 


In the Government Service At 
Seventy 


It is obvious that the name of G. P. 
Rixford circulated beyond the bound- 
aries of his state. Members of the 
Department of Agriculture at Washing- 
ton came to look upon him as an un- 
official co-worker and frequently con- 
sulted him on matters pertaining to 
western horticulture. This relationship 
finally culminated in his acceptance ot 
a position with the Department in 1908, 
first on a per diem basis and_ shortly 
thereafter on full time as Crop Phy- 
siologist in the Office of Crop Phy- 
siology and Breeding Investigations. 

With this he found not only time for 
intensifying his famous fig studies, but 
also for breeding and adaptation work 
with citrus fruits, pistache nuts, avo- 
cados, passion fruit, and other tropical 
and subtropical plants. Several trips 
were made into Central America. Up 
to the time of his retirement last vear, 
after some twenty-one vears of official 
service at an age when most men are 
content to occupy arm chairs on front 
porches, he conducted a survey and 
study of avocado variety adaptations in 
central and northern California. Re- 
ports of his findings were written for 
the California Avocado Association, and 
the agricultural press during his nine- 
tieth year! 


Introduction of the Smyrna Fig 


It is around the Smyrna fig, of 
course, that much of Rixtord’s career 
in public service revolves, and the story 
of that introduction is best given in his 
own words, taken from Department 
sulletin 732, Smyrna Fig Culture, of 
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which he was author. This treatise, 
quite complete in detail and scope, was 
published in 1918, when the author was 
eighty years old! He savs: 


Jelieving that the soil and climate of Cali- 
fornia were perfectly adapted to the growth 
of the Smyrna fig, the writer, who was at 
that time business manager of the Evening 
Bulletin, San Francisco, Cal., induced the 
proprietors of that journal to make an ap- 
propriation of funds to undertake the intro- 
duction from Asia Minor of the genuine 
Smyrna fig of commerce. In January, 1880, 
the assistance of E. J. Smithers, then United 
States consul at Smyrna, was enlisted in aid 
of the enterprise. A remittance was made 
to cover the expense of forwarding a small 
shipment of 500 cuttings, including a few 
caprifig cuttings. This shipment reached San 
Francisco on June 8, 1880, but owing to 
defective packing a considerable portion of 
the wood rotted and the season was so far 
advanced that the cuttings made but a feeble 
erowth, although the greatest care was taken 
with them. However, 200 of them were 
saved and showed promise of becoming 
thrifty trees. 

About this time Mr. Smithers arrived in 
San Francisco en route to Chinkiang, China, 
to which consulship he had just been as- 
signed. He stated that at the time the ship- 
ment was made he and the dragoman of the 
consulate at Smyrna had caused to be planted 
4,000 cuttings, which had meantime become 
rooted trees and could be purchased at from 
8 to 10 cents each, the usual price of trees 
in Asia Minor. Rather than disappoint the 
county subscribers of the paper who were 
expecting the promised trees that season, it 
was then determined to import the whole 
lot. Funds were therefore forwarded to an 
American merchant in Smyrna with instruc- 
tions to purchase the trees referred to and 
ship them at once. 

Sut in April, instead of trees, Rix- 
ford received a letter sating that the 
planter had been offered $1 per tree and 
could not part with them for export to 
this ccuntry at less than $1.25. Obvi- 
ously, this discouraged further negotia- 
tions for the time being. He goes on 
tO say: 

However, correspondence was kept up with 
the agent during the summer and in Sep- 
tember, 1881, orders were sent to make a 
large shipment of cuttings, which it was 
found could be had at a _ reasonable price 
from one of the best orchards in the Meander 
Valley, the most important fig district in 
Asia Minor. Every precaution had been 
taken to assure the safe arrival of this con- 
signment, even by shipping moss from New 
York in which to pack the cuttings. The 
cases on arrival in New York were re: 
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packed before being shipped across the con- 
tinent by the southern route, as the season 
was mid-winter. 


Th shipment consisted of 14,000 cuttings, 
including several varieties of the best Smyrna 
figs. It weighed several tons and arrived in 
excellent condition. W. B. West of Stock- 
ton, James Shinn of Niles, Governor Leland 
Stanford of San Francisco, and Dr. J. D.B. 
Stillman of Lagona, Calif., had shares in the 
importation, but the San Francisco Bulletin 
Company had the larger portion and _ paid 
the greater part of the expense. A _ large 
number of cuttings were distributed to 3,000 
county subscribers of the Bulletin, while the 
individual shares went to the different part- 
ners of the enterprise. Governor Stanford 
planted most of his cuttings on his ranch 
near Vina, Calif., now the property of Stan- 
ford University. The trees resulting from 
this importation are now growing in. all 
parts of California and other southwestern 
states. Some have attained gigantic size, a 
number recently measured by the writer hav- 
ing trunks three feet in diameter. 


The problems, discussions and vexa- 
tions which followed the introduction 
and failure of the Smyrna fig to ma- 
ture crops are known to students of the 
industry. Dr. Gustav Eisen demon- 
strated that self-sterility and cross pol- 
lination were problems to be solved if 
the Smyrna figs of the Old World 
were to be duplicated here. He first 
demonstrated the need for caprification 
in 1885. In 1886 E. W. Maslin of 
Loomis took seed from imported 
Smyrnas and in ’87 started his famous 
seedling orchard, which also failed to 
fruit. Finally, the Blastophaga wasp 
was successfully introduced by Dr. 
Walter T. Swingle and first colonized 
on the George C. Roeding ranch at 
Fresno in 1900. The Maslin seedling 
orchard was colonized the next year. It 
is interesting to note, however, that 
while this discussion and search were 
on, the insect was actually in California, 
having been accidentally introduced in 
1865 and confined to several isolated 
trees on the west side of the San 
Joaquin Valley. These originated from 
cuttings imported by W. B. West, with 
over-wintering fruits attached. The 
public was not aware of this until 1908. 

With the high interest in figs which 
prevailed at that time, it is not surpris- 


ing that Rixford plunged into extensive 
breeding work upon his affiliation with 
the Government service. Hundreds of 
his crosses were given to the public for 
trial. The Maslin seedlings revealed 
numerous interesting types which invited 
further study and hybridizing, out of 
which came such edible varieties as the 
Rixford, the Eisen, and the Huilgard, 
and such caprifigs as the Loomis, New- 
castle, Mason and Bleasdale. Among 
the Rixford crosses came the Forbes, 
Excelsior and Kearney caprifigs. 

Another unforseen difficulty in the 
development of the fig industry had 
its origin in the fact that mature 
caprifig trees are necessary to carry 
the Blastophaga insects through the 
winter. As a result the newly planted 
he orchards failed to set fruit, and 
by 1908 the situation had become so 
serious that growers in the San Joaquin 
Valley threatened to uproot. their 
Smyrna trees. The Maslin orchard 
again proved a center of interest and 
Swingle and Rixford conducted negotia- 
tions which resulted in the U. S. De- 
partment of Agriculture securing a lease 
on it and for many years furnishing 
several hundred boxes of caprifigs to 
erowers at cost, thus averting what 
threatened to be a serious set-back to 
the industry. 

And this while the subject of our 
sketch was in his early seventies! Need 
we younger men look further for in- 
spiration ¢ 

In “G. P. Rixford—An_ Apprecia- 
tion,’ written for The California Coun- 
tryman two vears ago by I. J. Condit, 
preeminent among the younger genera- 
tion of California fig investigators, there 
appears this concluding paragraph : 

To those of us who sometimes become 
alarmed at the increasing number of gray 
hairs on our brows, a visit and interview 
with G. P. Rixford emphasizes the fact that 
love of ones’ work and the enthusiastic de- 
votion to an ideal are the best preservatives 


of youthful energy and the surest antidote 
against advancing years. 


Truly, zestful living has become al- 
most a habit with this veteran plants- 
man. 
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EKARLESSNESS IN KARAKUL SHEEP 
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THREE EAR TYPES COMPARED 


Figure 4 


Long-eared, short-eared and “earless” 


development. 


HX Texas Station maintained a 

small flock of Karakul sheep from 

1915 until 1929 at Substation 
No. 7, near Spur, primarily to get first- 
hand information about the possibilities 
of this breed for fur production.* In 
inaking systematic descriptions of the 1n- 
dividuals it was noticed that there was 
a great variation in the length of the 
ears. The ears seemed to fall into three 
rather distinct classes on the basis ot 
outward appearance and notes of this 
were made for a number of vears. The 
flock has now been discontinued and 
the findings in regard to the inhert- 
tance of ear length are presented here- 
with. 

Kars of the shortest are not 
visible when the sheep is carrying a 
fleece of much more than two months’ 
growth, but when the sheep has just 
been shorn they can be seen easily. On 


class 


*R. E. Dickson, C. M. Hubbard, R. A. 


Karakul 


Brewer, J. H. 


ear 


degrees of 
The rudimentary ear of the “earless’ sheep does not extend beyond the fleece. 


ewes, showing three 


the four sheep measured in this class 
the extreme lengths from the side of 


the head to the tip of the ear were 2.4 
cm. and 5.0 cm., with an average of 
3.5 em. There was a very sharp natural 
division between this and those 
with ears of medium length. In no case 
was there doubt about the classification 
of these extremely short-eared or “ear- 
less” sheep. Figure 5 shows “‘earless”’ 
sheep shorn and in full fleece. 

The ears of the medium class were 
much more variable in length and also 
in shape. We are calling them “short’’ 
ears. Typically they were thickened and 
rather pointed, the edges being grown 
together farther out toward the tip of 
the ear than is usual with the mutton 
breeds of sheep. Some, however, had 
rather flat broad ends and on several 
occasions it was doubtful whether a 
sheep of this kind should be classified 


class 
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Jones and W. E. 


Flint were in 


charge of these sheep and made the collection of these notes possible. 
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“EARLESS” KARAKUL SHEEP 
Figure 5 
earless ewes, in full fleece and newly shorn, showing developmen | rudimentary 
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SHORT-EARED AND LONG-EARED EWES 


Figure 6 





The short eared condition 1s due to the “earless Yee 11) the heterozygous condition. 
Long ear is not completely dominant, and earlessness “shows through” to the extent of mak 
ing the ear about a third shorter than in the homozygous long-eared sheep. 
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as ‘“‘short-eared” or “long-eared.” The 
extreme lengths among the nineteen 


measured were 7.4 cm. (on a lamb not 
vet fully grown) and 14.4 cm. (on a 
sheep marked doubtful as to ear classi- 
fication at the time the measurement 
was made). The extreme length on a 
sheep certainly classified correctly was 
12.1 cm. The average of the nineteen 
was 10.2 cm., and if the doubtful one 
is omitted the average of the remaining 
eighteen was 10.0 cm. Figure 6 shows 
the “short” ear. Figure 8 shows for 
comparison the normal ear of a Ram- 
houillet wether. 

The ears of the “long-eared” sheep 
were all very broad and flat at the ends 
and resembled the ears of Angora goats 
more than they did those of the mutton 
breeds of sheep. Six were measured, 
among which the extreme lengths were 


13.9 cm. (on a lamb not vet fully 
erown) and 20.5 cm. The shortest 


“long” ear measured on a mature sheep 
was 15.4 cm. The average length of the 
six measured was 17.0 cm. Figures 6 
and 7 show the “long” ear. Figure 4 
shows the three types of ears side by 
side. 

Notes as to length of ears were not 
made on all ot the sheep in the early 
vears of the experiment. The total 
progeny of all matings where the ear 
length of both parents was recorded 
was as follows: 


1. Long *& long = 3 long 

2. Long & short = 7 long and 9 short 

3. Longe * earless — ? short 

4. Short & short = 4 long, 13 short and 5 
earless 

5. Short * earless = 1 long, 5 short and 1 
earless 


The matine of earless *& earless was 
not made. With the exception of mat- 
ing No. 5, the results conform almost 
perfectly to the hypothesis of Ritzman! 
that this character is determined by a 
single pair of Mendelian factors of 
which the homozygous conditions pro- 
duce the “long” and “earless” types, 
while the heterozygous condition pro- 
duces the “short” ears. Mating No. 5 
was expected to produce equal numbers 
of short and earless lambs. The unex- 
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NORMAL EAR DEVELOPMENT 


Figure 7 
Showing the broad tip characteristic of 
the Karakul ear. Ears of European breeds 


of sheep tend to be more pointed. 


pected long-eared lamb was described 
only from the dried skin and there was 
a little more possibility tor mistake in 
classification than if it had been de- 
scribed alive. However, its ears were 
unmistakably broad and flat at the tip, 
which was unusual for short-eared 
sheep. Only one ram (a_short-eared 
one) was used that vear and there can 
hardly be any question of mistake in 
paternity. The putative dam was ear- 
less and there is no other reason to 
think that any mistake was made in 
ascribing this lamb to her than that it 
does not agree with the genetic theory 
of the inheritance of ear fength! Mat- 
ing No. 5 also produced a high ratio 
of short to earless lambs, but this is 
well within the limits of experimental 
error. Wriedt® found Ritzman’s expla- 
nation satisfactory for the inheritance 
of earlessness and short ears in sheep 
from widely scattered regions in Nor- 
way. Wassin! finds the same explana- 
tion entirely satisfactory for differences 
in ear length found in many flocks 
widely scattered over Russia, but much 
nore frequent in flocks in the Cauca- 
sus and regions eastward. He prefers 


to believe in a single origin of the gene 
modifying ear length at a very remote 
period and that a study of its present 
distribution and frequency would fur- 
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OUTGROWTH ON 
EAR 
Figure 9 
Fleshy outgrowth on 
top of ear. In Turkes- 
stan this peculiarity 1s 
widespread, and it is said 
tobe recessive. In Texas 
it is hereditary, but the 
manner of inheritance is 
undetermined. 


nish useful evidence as to the ancestral 
origins and migrations of present-day 
races. Wassin also reports what appears 
to be the same character in a herd of 
goats and wonders whether this may 
not have been the result of crossings 
with sheep, although admitting that no 
unmistakable case of progeny being 
produced from the matings of sheep 
and goats has yet been reported. 


Since the sheep in our flock were 
Karakuls, it seems quite likely that the 


Earlessness in Karakul Sheep 11] 










NORMAL EAR 
Figure 8 
Ear of Rambouillet 
wether, for comparison 
with ear-type of Kara- 
kul fur sheep discussed 
in this article. 


gene modifying ear length was intro- 
duced with the foundation stock which 
originally came from the very same 
part of the world where Wassin_ re- 
ports this earlessness to be quite fre- 
quent. However, it seems as easy to 
believe that this character arose by 
seperate mutation in the cases described 
by Ritzman and Wriedt as it does to 
believe that it had been transmitted in 
an unbroken line of descent from ances- 
tors which originally came from central 
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Asia. The wide geographical separa- 
tion of the cases, the distinct unlikeness 
of the sheep in other respects, and the 
absence of earlier reports of this pe- 
culiarity, all speak against the hypothesis 
of descent from a single original muta- 
tion, although of course not disproving 
it utterly. 

In other Karakul sheep in Texas but 
not in the Station flock, we have also 
noticed on the tops of the ears of some 
sheep the fleshy outgrowths shown by 
Wassin in his Figure 5 under the name 
of *“‘Hautauswuchs (QOhrringe)”’. Was- 
sin states that it is a recessive character, 
very widespread in Turkestan. In the 
Texas flock where it was noticed, the 
owner of the flock told us it occurred 
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only in certain families, which would 
indicate an hereditary basis, but no 
numbers or ratios from different types 
of matings were secured. We presume 
that it is identical with the character- 
istic described by Wassin. Figure 8 
shows an ear of this type seen by us. 
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The Sixth International Genetics Congress 


Hie Sixth International Genetics 
Congress in 1932 is the second of 
these events to be held in America. 
Its organization has been under way 
during the last few months, and con- 
siderable progress has been made in 


President 
T. H. Morcan 
Honorary Vice=Presidents 
Kk. voN TSCHERMACK-SEYSENEGG, Austria. 
\V. GREGOIRE, Belgium. 
A. H. R. Butter, Canada. 
(). Wince, Denmark. 
Ht. FEDERLEY, Finland. 
lL. CUENOT, France. 
(. CorRENS, Germany. 
J. B. S. HaLpANne, Great Britain. 
Hf. peE Vertes, Holland. 
P. ENRIQUEsS, Italy. 
T. TANAKA, Japan. 
. COCKAYNE, New Zealand. 
lL. L. Monr, Norway. 
EK. MaLttnowskt1, Poland. 
N. Vavitov, Russia. 
A. SALUETA, Spain 
i. NILSSON-EHLE, Sweden. 
A. Ernst, Switzerland. 


| 


The first meeting of the Council was 
held in New York on December 28. 
and three other meetings have been 
held since. The Congress will convene 
at Ithaca, N. Y., on August 24, 1932. 
lasting until August 31. Membership 
dues to the Congress for those joining 
at once are $10.00. This includes the 


printed proceedings of the Congress, 
and may be paid in two installments 
of $5.00 with the application and $5.00 


preparation of. the preliminary plans. 
The permanent committee, appointed at 
the last Congress, in Berlin, has elected 
the officers and Council of the Sixth 
Congress as follows: 

Executive Council 


C. C. Littie. Chairman of Executive Council 
and Secretary General of Congress. 
Address: Bar Harbor, Maine. 

C. B. DAveNporT, Secretary of Council. 

R. €,. Cook, Treasurer. 


L. C. Dunn, Chairman o iTransportation 
Committee. 

FE. M. East, Chairman of Program Com- 
mittee. 

R. A. Emerson, Chairman ot I[ccal Com- 
mittee. 

LD. F. Jones, Chairman otf Publications Com- 
mittee. 

KC. MacDowe tt, Chairman of Exhibits 


Committee. 


C. McA. Pyrite, Chairman of Finance Com- 


mittee. 
in 1931. Other classes of memberships 
are: Institutional members at $100, 
Supporting members at $100 to $1,000, 
and patrons, those who contribute 
$1,000 or over. 

It is planned to make the Congress 
broad in scope, and to feature the inter- 
relationships between genetics and re- 
lated sciences—biochemistry, biophysics, 
and physiology, etc. A special feature 
will be the exhibits. 
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HUNTINGTON'S CHOREA 


PAUL 


POPENOE 


Pasadena, California 


and 


KATE 


Los Angeles 


N the seventeenth century immigra- 

tion to the North American colonies 

were half a dozen English settlers. 
three of them apparently brothers, who 
carried the genes of one of the most 
serious of nervous diseases, a chorea 
which usually does not make its appear- 
ance until adult life, but quickly disables 
the victim when it does appear, and 
cannot be alleviated by any known 
remedy. 

The affection made itself known in 
the descendants of these persons and 
soon became recognized as a hereditary 
inalady, in the parts of Connecticut and 
New York where they lived. It was 
particularly common in the eastern end 
of Long Island and was observed by 
two family physicians of the old type. 
father and son, whose combined expert- 
ence there covered a period of seventy- 
eight years. It was left to the grand- 
son, however, who also took up medi- 
cine but moved to Pomeroy, Ohio, to 
describe this in print.* His name there- 
by became attached to it and it is still 
known as Huntington's Chorea. 

Four elements have been mentioned 
as characterizing it: (1) persistent 
tremors which (2) usually make their 
appearance in middle life, (3) grow 
progressively worse, and (4) are ac- 
companied by mental deterioration. 
None of these elements is invariable, 
however. 


While the hereditary nature of the 
affection had long been recognized, it 


was first worked out in detail by Charles 
B. Davenport,? on the basis of elabo- 
rate pedigree charts covering some 4,000 
individuals, which had been brought to- 
gether under his direction by Elizabeth 
Muncey. Dr. Davenport showed that 


the affection behaves beyond question 
as a simple dominant in these families, 


JROUSSEAU 


, California 


all of which are possibly related to 
‘ach other. It was also found to be a 
simple dominant in a study of all the 
cases that could be discovered in Ba- 
varia;” this characteristic may, there- 
fore, be taken as a general one. 


A California Case 


It is equally shown in the accompany- 
ing pedigree which one of us (K. B.) 
traced in California, beginning with a 
voung woman who had been committed 
at the age of twenty-five to one of the 
state hospitals. 

The onset in her case was. shortly 
before the age ot eighteen; however, 
she was able to enter a normal school 
in another state and make good pro- 
gress in her studies until a year later 
mental deterioration began to set in. 
When examined by Dr. Brousseau she 
tested 7 vears, 11 months on the Stan- 
ford Binet scale, but this was an inade- 
quate test due to her mental deteriora- 
tion. She had some hallucinations and 
constant delusions with a strong erotic 
trend, bearing particularly on her sup- 
posed approaching marriage—first to a 
boy she had known in high school, then 
to a wealthy man who was the off- 
spring of her imagination. 





She came of an intelligent family, 
originally from the state of New York, 
and while it was impossible to con- 
nect her lineage with any of the pedi- 
erees that Drs. Davenport and Muncev 
studied, one naturally suspects that it 
goes back to the same origin. 

Not all of the Huntington’s Chorea 
in the United States is derived from 
this Atlantic Coast group, however, for 
it shows up from time to time in other 
stocks. It is one of the less common 
nervous diseases: in 1922, 26 men and 
24 women were admitted for the first 
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time to American psychopathic hospi- 
tals, with the diagnosis of Huntington’s 
Chorea, and on January 1, 1923, there 
were in ali such hospitals of the United 
States a total of 146 men and 17] 
women afflicted with it.* 

Perhaps there are as many cases out- 
side the state hospitals as in them. 
Many of the families in which the af- 
fection occurs are relatively well-to-do 
and able to keep a patient at home, par- 
ticularly if his mental deterioration 1s 
not of a nature to make much trouble. 
Those whom the public hospitals  re- 
ceive are in all likelihood either the 
poorest or the most disturbed cases. 

The figures indicate that there is no 
sex-discrimination on the part of the 
disease, and this has been the observa- 
tion of all students, being shown with 
unexpected precision in our own chart 
covering six generations (in part), in 
which four men and four women are 
affected. 


Different Types of Chorea 


There are various types of chorea 
apart from that to which the name of 
Dr. Huntington has been attached. In 
this respect the situation recalls epi- 
lepsy, which refers to particular bodily 
reactions, i. e., convulsions, accompa- 
nied by loss of consciousness. Convul- 
sions may be brought about in a variety 
of different wavs, all of which pre- 
sumably pull the trigger of the same 
bodily mechanism. 

The ordinary chorea of childhood 
seems to affect girls more than boys, 
and is generally less severe in its symp- 
toms. Huntington’s chorea can be dis- 
tinguished from others, within limits, 
by the character of the bodily move- 
ments, which are coarse and grimacing, 
and less localized than in the commoner 
chorea of childhood. Comparatively vio- 
lent jerks of the legs produce a diffi- 
cult and grotesque gait. The speech is 
usually sluggish and indistinct; but a 
peculiar twitching of the tongue that is 
usually present in childhood chorea is 
not often seen in Huntington’s chorea. 

Here, again, the mechanism involved 
is evidently one that can be set into 


The Journal ot Heredity 


action in a number of different ways. 
Anything that affects the nerve cells of 
a certain part of the brain will produce 
somewhat comparable symptoms. The 
cause of childhood chorea is generally 
supposed to be an infection (Strepto- 
coccus or other) that influences a cer- 
tain group of nerve cells; while these 
sane cells may be influenced by genetic 
factors at another period. 

Most recent attempts to determine 
the basis of this affection have centered 
on the corpus striatum, a part of the 
brain which lies on the inside, under- 
neath the cerebral cortex. It consists of 
both gray matter and white matter, and 
contains several parts with different 
functions-—all of them, however, very 
little understood. 


Changes In the Brain 


IXxaminations of the brains of pa- 
tients who have died with Huntington’s 
Chorea agree® in showing a_ reduction 
in the size of the whole organ. The 
gray matter of the cerebrum seems in 
most cases not to be greatly changed 
either in quantity or in quality, but the 
amount of white matter is much _ re- 
duced, the average loss amounting to 
more than 150 gm., as compared with 
a normal brain. The corpus striatum 
shows a still greater decrease in vol- 
ume, being reduced to about one-half 
of normal. This shrinkage in bulk is 
accompanied by a great loss of nerve 
cells in two parts of the corpus, namely, 
the caudate nucleus and the putamen; 
the number of nerve cells in a_ third 
part, the globus pallidus, seems, on the 
contrary, to be unaffected. No other 
constant changes have been found in 
other portions of the nervous system. 

The best guess at present. therefore, 
is that Huntington’s Chorea is the re- 
sult of a degenerative change in the 
brain, affecting principally some of the 
parts of the corpus striatum; that this 
change 1s brought about by the action 
of a single gene which has at some time 
in the past mutated from a normal 


state; and that this germinal difference 
not make its action 
until relatively 
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FIVE GENERATIONS OF HUNTINGTONS CHOREA 
Figure 10 


Many cther family charts of Huntington’s Chorea have been published, which agree 
with this one in indicating that this serious form of mental disease is inherited as a men- 


delian dominant character. 


late in the life of the individual, in 
this respect resembling such germinal 
changes as those that produce pattern 
baldness or defective hearing (otoscle- 
rosis) in middle life.6 While all the 
senes in the cell probably produce an 
effect of some kind at all times after 
the initial fertilization, the principal or 
only effect so far known is occasionally 
one that thus manifests itself only sev- 
eral decades after birth. 

The corpus striatum has been thought 
by some investigators to have a steady- 
ing or inhibiting function; its degenera- 
tion would simply remove this function 
and the individual would thereby revert 
to a condition like that of the new-born 
baby, whose uncontrolled and uncertain 
movements are ascribed in part to the 
fact that the fibers of the corpus are 
not yet medullated and hence this part 
of the brain is inactive.’ If this view 
could be established, it would be easy 
to suppose that Huntington's Chorea 
represents merely an arrest of develop- 
ment of this part of the brain; the in- 
fantile condition 1s never outgrown. All 
the facts tell against it, however, for 


microscopic examination shows a brain 
which is degenerating from a more nor- 
mal condition, not one that has failed 
to develop normally. In other words, 
Huntington’s Chorea 1s clearly a variety 
of mental and nervous disease, and not 
an example of congenital deficiency. 
Moreover, the victim shows no signs 
in childhood (save in very rare cases ) 
of the fact that he is marked out for 
a breakdown later. All the evidence, 
then, indicates that the single differ- 
ence in the germ-plasm which produces 
Huntington's Chorea is one that makes 
this effect felt late in life. 


Chorea In Twins 


The strictly hereditary nature of the 
affection 1s demonstrated not only by 
the pedigree charts, but also by the 
study of twins. If these are unlike, one 
of them may be affected, the other quite 
normal, as in a family which showed 
three generations of this malady.° Here 
twins were born, a boy and a girl; the 
former was quite unaffected but the 
latter began to show symptoms of it 
from the age of four. On the other 
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hand, identical twins are both affected, 
as in the case described to us by Dr. 
R. B. Kershaw of Agnew’s State Hos- 
pital, California. The patients were twin 
brothers, aged sixty, who had formerly 
been under his observation in the state 
hospital at Yankton, South Dakota. 
They were on the same ward but paid 
no attention to each other as a rule; 
never spoke to or looked at each other. 
If one got into difficulty, however, the 
other would at once rush to his rescue. 

Since marriage in which both part- 
ners are affected will be exceptional, the 
commonest mating will be that in which 
one partner has chorea, the other is 
normal. Modifying genes play such an 
important part that every family may 
properly be said to have its own type 
of Huntington’s Chorea; but Dr. Dav- 
enport pointed out that each of the four 
principal components is susceptible to 
change, so that in one family the af- 
fected often show dementia without the 
tremor; in another the tremor is ac- 
companied by very little dementia; in a 
third the onset is unusually early (pres- 
ent at birth in two instances); in a 
fourth it appears in middle life but is 
not progressive. Innumerable other nerv- 
ous and physical affections are found in 
the families of choreic patients: 1n some 
instances these are doubtless intercur- 
rent and simply represent a coincidence 
of two or more unrelated germinal dif- 
ferences ;? in other instances they must 
represent the action of modifying genes 
along with that of the chorea. Thus 
the dementia might be increased or di- 
minished accordingly as the degenera- 


tive processes in the brain affected the 
cortex in greater or less degree. 

In matings of the type mentioned 
(heterozygote & normal, DR &K RR) 
half of the offspring will be affected, 
on the average, and this finding is con- 
firmed in chart after chart with an ac- 
curacy that is rare in studies of human 
heredity.* [arly death doubtless often 
prevents the appearance of chorea in an 
individual who is therefore wrongly 
listed as normal; for while onset is in 
extreme cases at birth, in other extreme 
cases it has not appeared until the sev- 
enth or eighth decade. Dr. Davenport 
found only five cases out of 962 which 
he studied (521 males and 441 females ) 
in which an individual who was choreic 
did not have a choreic parent. There is 
no difficulty in supposing in these in- 
stances (all of which were in choreic 
families) that one of the parents ac- 
tually carried the gene, but that its 
appearance was masked by other in- 
fluences, or that death occurred before 
the onset of the symptoms. 


The Eugenic Aspect 


Since onset so often occurs atter the 
age of marriage, the problem of the 
apparently sound offspring of an af- 
fected parent is a grave one. Shall they 
marry because apparently sound, but 
knowing that the affection may make 
its appearance a few years later? It 1s 
greatly to be desired that some means 
of detecting the presence of the gene in 
childhood, or at least soon after adoles- 
cence, be devised. Presumably it is ac- 
tive from the time of conception, even 








*A Canadian family of English extraction which may very well represent another off- 








shoot of the same stock that contributed the original American carriers of this chorea, is re- 
ported” by John W. MacArthur, who found 33 choreic to 12 normal children and believes 
that this represents a 3:1 ratio, not the 1:1 which has been assumed to prevail in other 
studies. He suggests that “possibly this type of chorea will prove to be represented in the 
germ plasm of some families by two more or less independent dominant genetic factors.” 
There is no reason to suppose a priori that chorea will be inherited in the same way in every 
family; but certainly the hypothesis that it is due to two independent dominant genes will 
not suffice to raise the ratio of affected to normal offspring. It would merely tend to make 
chorea rarer in these families. If the excess of affected is not due to the small numbers 
available, it is probable that some of the matings were not DR &X RR but DR X DR in 
which one partner had, because of age or other causes, not manifested the affection. That 
some inbreeding would take place, even though unknown to the partners, is suggested by the 
fact that “the choreic branch of the family has remained concentrated near the sight of the 
original settlement in Southern Ontario.” 
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though the activity may not rise above 
a certain threshold, and produce dis- 
astrous results, until after many years. 
It is conceivable that sufficiently deli- 
cate tests of motor control might show 
its presence even before it makes its 
appearance as an incurable affliction: 
but none is vet available, and the choreic 
are often particularly vigorous and at- 
tractive children. Since it 1s at least 
an even chance that the offspring of 
one choreic parent will have chorea, and 
since the disease 1s of such a severe 
character, it does not seem too much 
like a counsel of perfection to suggest 
that these offspring should not marry 
unless conditions are such that a break- 
down of the individual would not leave 
the family financially dependent; and 
that in any case, marriage should occur 
only when the circumstances are fully 
understood by the other partner, the 
undesirability of children agreed upon, 
and the sterilization of one or the other 
has taken place. In this way the genes 
of Huntington’s Chorea would gradu- 
ally be eliminated trom the population. 


It might be supposed that  self-in- 
terest 1f not altruism would lead to such 
a solution naturally, but that does not 
seem to be the case. Dr. Davenport 
found little or no evidence of absten- 
tion from marriage or diminished fe- 
cundity in the great pedigrees which he 
examined. A study! of families of pa- 
tients in the Kalamazoo (Michigan) 
state hospital brought to hght 218 af- 
fected individuals of whom only 35 had 
remained single. In our own small frag- 
ment of a pedigree chart, most of the 
affected individuals married. 


ethically, it 1s doubtful whether any 
human being has a right to give the 
genes of Huntington’s Chorea, hemo- 
philia, or similar serious diseases circula- 
tion; and for its own protection society 
has certainly the right to prevent such 
perpetuation of undesirable genes." 


The Interests of Society 


It is true. here as in other cases, that 
such a course as that recommended 


would prevent the birth of a number of 
normal children, perhaps some superior 
ones. But the birth of normal and su- 
perior children in immense numbers is 
being prevented daily in a multiplicity 
of ways—particularly by contraception. 
The only question to be argued, then, 
is whether the course above outlined 
would prevent the birth of an unduly 
large number of normal or superior 
children—larger than the average, or 
large enough to outbalance the incon- 
veniences resulting from the presence 
of such a disease as Huntington’s Cho- 
rea in the population. Many persons 
who are familiar with the results of 
the present policy: who have watched 
the individual suffering; have noted the 
frequency of alcoholism and suicide in 
these stocks.; have seen families left de- 
pendent and in misery; will believe that 
society could afford to pay a much 
higher price for the elimination of this 
detect than it is likely to have to pay. 


It happens that the families which 
are best known in the United States 
for the presence of Huntington's Cho- 
rea are intelligent, superior families, so 
that the question is put clearly. Dr. 
Davenport has answered it with equal 
clearness, in urging that the immigra- 
tion of persons with such inheritable 
affections as Huntington’s Chorea could 
be prevented if some knowledge of the 
ancestry of every immigrant were re- 
quired. Had the three brothers above 
mentioned as original immigrants been 
excluded because one of their parents 
was choreic, he says: ““We would have 
lost two leading educators, a surgeon or 
two, two state senators, two or three 
state assemblymen, several ministers, 
and YOO cases of one of the most dread- 
ful diseases that man is liable to, that 
does not kill quickly like cancer or 
lead rapidly to complete helplessness 
like paresis, but produces individuals 
who for half a century may know no 
waking hour free from forced move- 
iments, often of a violent character, and 
in whom often the mental functions, 
one by one, deteriorate.” 
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RADIUM EXPERIMENTS WITH DATURA 


I. The Identification and Transmission of Lethals of Pollen-Tube 
Growth in F.’s from Radium-Treated Parents* 


}. T. Bucnnowz, University of [llinots, and A. If. BLAKESLEE, Carnegie Institu- 
tion of Washington, Cold Spring Harbor, Long Island, New York 


_ 


N 1921 Gager and Blakeslee treated 
some flower buds of Datura with 
radium emanation which resulted 1n 
the production of many (2u-+1) types’. 
These included one very unusual chro- 
mosomal type Nubbin.t' Two gene 
mutants segregated out in the Fo from 
18 F, plants tested. These results made 
it seem advisable to continue radium 
treatments of Datura with the hope of 
obtaining additional genes. Our in- 
vestigations were further stimulated by 
the discoveries of Muller in successfully 
inducing gene mutations 1n Drosophila 
by the use of X-rays’. Since it was 
our desire to increase our stock of new 
gvenes, the renewed experimental pro- 
cedure was planned in such a way that 
it would not be likely to result in 
(2n+1) types, in the hope that new 
genes might be more easily and 1m- 
mediately recognizable in segregation 
from 2n plants. We selected the pollen 
and pollen tubes as the stage in the life 
cycle to be treated with radium, because 
by the treatment of these haploid 
stages we would obtain treatment for 
only one of the group of chromosomes 
in the resulting diploid. This method 
would tend to limit the possibility of non- 
disjunctions which might be induced 1f 
the treatment were given during meiosis. 
We have found since that somewhat 
similar results may be obtained from 
a treatment of our plants in other stages 
of life history, both with X-rays and 
with radium. 
The experiments which we are here 





describing were from treatments given 
in the summer of 1927. Line 1-A 
plants were used and the treatments 
were given with radon (radium emana- 
tion) by exposing the pollen grains or 
growing pollen tubes to the agent. 
Some of the resulting plants, which we 
are designating as If, plants, were 
grown in sreenhouse ‘arly in 1928, 
selfed, and their I. seedlings planted in 
the garden. A second planting of F, 
plants was also made in the garden, so 
that during the summer of 1928 pollen- 
tube growth in many field grown and 
greenhouse Ff; plants could be investi- 
gated. Krom most of the Fy, plants 
still growing in the greenhouse small 
pedigrees of Fy. plants were available 
in the garden. A study of the irregu- 
larities observed in pollen-tube growth 
in this series of plants and the inherit- 
ance of these lethal and semi-lethal con- 
ditions is the subject of the present 
paper. An account of the externally 
visible hereditary changes — resulting 
from this series of treatments including 
a more detailed account of the new type 
Sugarloaf translocation, will be = de- 
scribed in greater detail elsewhere. 
The gametophytes were treated in 
two stages: (a), the mature pollen 
erains before pollination, and (b), the 
pollen tubes growing in the style after 
pollination. The mature pollen used in 
method (a) was treated in the labora- 
tory so that the radioactive agent was 
not brought near the plants which were 
used as females. In our second method 








*This investigation was begun in 1927 under a grant from the Joseph Henry Fund of 
the National Academy of Science and was continued in 1929 with the additional assistance of 


a grant from the Committee on the Effects 


of Radiation on Living Organisms, National 


Research Council. The following have at various times served as assistants during the 


progress of these and similar investigations: 


Sledge, Frank Normand and C. C. Doak. 
We also are greatly indebted to Dr. H. 


for supplying us with the radon used in 1927 


of handling radium preparations. 


Lillian Martin, Maribel Loving, Elizabeth 
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age of the Memorial Hespital, New York, 
and tor suggestions concerning the methods 
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Burst Pollen Tubes 


POLLEN TUBES IN STYLE OF DATURA 
Figure 11 


Enlarged photograph of a stained preparation of a style of normal Datura, pollinated 


fourteen hours earlier with pollen of plant 27370 (1) 
which half or more of the pollen grains fail to germinate or fail to grow normally. 


, an F, of a radium treated plant, in 
The 


linear distribution of the forward ends of the pollen tubes is shown plotted in the diagram 


at the right (Figure 11/4). 


The black bars at the left of the graph indicate the 321 un- 


germinated pollen grains coun‘ed on the stigma, which show as black dots in the photograph. 
The heavy, cross-shaded area below the line in the graph, represents the group of abnormal 


pollen tubes which can be seen at the left in the style. 


The group of normal pollen tubes 


toward the right end of the graph is indicated by the black lines in the photograph. 


(b) the radon preparations were fas- 
tened along the sides of the style, op- 
posite the growing pollen tubes in order 
to treat the latter during growth. Here 
the ovaries and other parts of the flower 
were not especially protected save for 
two thicknesses of lead foil surrounding 
the assemblage and by their greater dis- 
tance. We cannot claim, therefore, that 
all of our results in (b) were due to 
radiation of the pollen tubes, but it is 
highly probable that they were, since 
the ovaries were subjected to less than 
a hundredth part of the intensity of 
radiation received by the pollen tubes. 

The treatment of pollen according to 
our first method (a) was accomplished 
by the use of a glass tube of radium 
emanation usually called radon, of 8.4 
millicurie strength for 18 minutes, 
screened through lead foil .05 mm. 
thick. The pollen was exposed while 
still in the unopened anthers in a 
specially constructed lead holder, and 
was at an average distance of 1 mm. 
from the sides of the .7x13.3> mm. 
sealed glass tube-containing the radium 
emanation. Only 8 mm. of its total 


length was exposed to the pollen at this 
close range, as the ends of the radon 
tube which projected over the holder 
were at a greater distance and partially 
shielded from the pollen by the appa- 
ratus. We can therefore estimate that 
about .6 of its radiant energy was effec- 
tive. The exposure of 18 minutes gave 
2.7 millicurie hours as the total dosage 
emitted by the radon, or 1.6 millicurie 
hours when calculated for the effective 
part of the tube, considering that the 
radon tube extended beyond the anthers 
and the ends were shielded by the lead 
holder. This value is for an exposure 
of the anthers placed parallel to the 
tube at an average distance of 1 mm., 
and in the case of the pollen treatment 
which resulted in plant 27370 (1) the 
radon was screened through .05 mm. of 
lead foil. The pollen was also sur- 
rounded by the walls of the anthers 
during treatment. 

The pollen tubes (b) were exposed 
to a much weaker radon tube, and for 
longer periods. Since the pollen tubes 
were growing through the field of 
radiation, they were not at all times ex- 
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posed to the same intensity of treat- 
ment. The exposures extended over 
several hours through the day, or over 
night. In one of the successful treat- 
ments, the one giving rise to pedigree 
27374, concerned in this account, the 
conditions were as follows: An_ un- 
screened radon tube of 1.14 mc. strength 
was attached to the upper part of the 
style of a flower which had been pol- 
linated a few minutes before, and left 
in the garden over night for 14 hours. 
Since the temperature during treatment 
averaged 21° C, we estimate that the 
pollen tubes were growing at the rate 
of 2.7 mm. per hour and_ passed 
through the field of most intense radia- 
tion in 7.5 hours. We had previously 
determined by laboratory tests that this 
dosage would impede pollen-tube growth 
only very slightly and would not lead 
to other immediate abnormalities. The 
distance of the pollen tubes from the 
radon was determined by the thickness 
of the cortex of the style and the 
proximity of the radon. It was not 
more than 1 mm. and probably some- 
what less, so that the pollen tubes on 
the side farthest away from the field of 
radium influence were about 1 mm. 


from the tube. The ovary was at least 
45 mm. from the nearest part of the 
radiation source and the intensity of 
radiation received by the pollen tubes 
during their maximum treatment was 
therefore several hundred times as great 
as that received by the more distant 
ovary. 

The seed capsule resulting from the 
treatment last described was of medium 
size, but contained only 13 seeds, 10 
large seeds and 3 small seeds, plus 
hundreds of slightly enlarged ovules 
which had aborted. From the large 
seeds, 6 Fy plants were grown to ma- 
turity in pedigree 27374. These plants 
were all normal-appearing 2m plants 
which differed in no detectable external 
detail from untreated plants except that 
one of these plants, 27374 (1) had 
50% shriveled pollen grains. However, 
plant 27374 (6), the one which we are 
describing here, had practically none or 
at least no more shriveled or otherwise 
abnormal pollen than is found in ordi- 
nary 2 plants. That the plants should 
appear normal was to be expected if 
new genes for which they were hetero- 
zygous were all recessive. They were 
all examined cytologically by Dr. Berg- 
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UNGERMINATED 

POLLEN GRAINS 
Figure 12 

A dissected portion of 
a stigma pollinated with 
27370 (1) showing many 
ungerminated pollen 
grains, some of which 
have burst or become 
irregular in shape. Stat- 
istics of this test are 
given below. 
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at right. Normal appear- 


Figure 12A 
This diagram shows 
the distribution of the 


ends of pollen tubes 
within the style shown 
above. The tubes are 


represented as growing 
from left to right. The 
vertical bar at the left, 
represents the ungermin- 
ated pollen grains’ on 
the stigma, some _ ot 
which appear as_ black 
spots in the photograph 


ing pollen tubes = are 
plotted above the datum 
line (stippled area) and 
abnormal or burst tubes 
below (cross hatched). 
The “steps” represent 2 
mm. intervals and_ the 
figures represent the 
numbers of pollen tubes 
( »bserved. 


290 








ner and Miss Satina and found to con- 
tain 12 bivalent chromosomes. 

Plant 27370 (1) obtained from the 
treatment of pollen (a) was likewise 
normal 1n appearance and showed upon 
examination no cytological evidence of 
chromosomal irregularities during mic- 
rosporogenesis. However the pollen of 
this plant was partially abnormal. 
Many empty pollen grains were found 
devoid of protoplasmic contents but not 


Figure 12A 

















































shriveled, so that this abnormality was 
at first overlooked in the routine ex- 
amination of this plant for “bad pollen.” 
In our study of pollen-tube growth 
from this plant, the counts were con- 
fined to the major fraction of the pollen 
which had deeply staining contents, ap- 
peared otherwise normally matured and 
might be expected to germinate. 

Of course we obtained many other 
F, plants from similar treatments, 384 
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BURST POLLEN TUBES 
Figure 13 


Dissected upper portion of a style pollinated with 27370 (1) in 
abnormal pollen germinated giving rise to many tubes with swollen or burst ends. 


476 





which some of the 


127 











85 














I3 |e 
_i2. 9 10 i2 7 fe 23 
— = ocd 





27370 (i) 18 Hr 


Figure 13A 


Distribution of pollen grains and tubes in test of 27370 (1), shown in photograph above 


made for an 18-hour period. 
in the photograph above. 


in all, 192 of which were tested by the 
methods described in this account. In 
the interest of brevity we have selected 
only two of the plants showing abnor- 
mal pollen-tube growth conditions, from 
the 48 abnormal F,’s which were found: 
27374 (6) and 27370 (1). These were 
fairly typical of many of the others 
which indicated abnormalities, and were 
Selected for this description because a 
fair sample of their respective Foe 
progenies had been examined for in- 


The abnormal tubes plotted near the extreme left are shown 


herited pollen-tube growth conditions. 
Plant 27373 (3), an F, resulting from 
similar treatments but showing no ab- 
normalities in pollen tube growth, to- 
gether with its Fs progeny is described 
to serve as a control since we had also 
made tests of pollen-tube growth in a 
considerable number of its progeny. 
Our methods of testing pollen-tube 
erowth in the F, and Fs. have been 
described in greater detail elsewhere.” 
The pollen of the plant to be tested was 
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Figure 16 
Diagram of distribution of the ends of pollen tubes 
which showed normal pollen-tube distribution. The gene 
parent was not inherited by this plant. From a 12-hour test. 
































from a test of an F. 2701086 (22 
affecting pollen germination 1n its 
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2701086 (13) I2 Hr 


Figure 17 
A similar distribution diagram from a 12-hour test of one of the F: plants 2701086 (13) 
in which the abnormalities of 27370 (1) reappeared. Though more of the pollen cerminated 
than usual in the parent, the number of pollen tubes in the forward group (right hand halt in 


the diagram) constitutes about 47 per cent. 
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2701086 (8) 16 Hr 
Figure 18 ; ae 

; Diagram of pollen tube distribution in 2701080 (8) an F, of 27370 (1). Here the pro- 
portion of ungerminated pollen is higher than in Fig. 17, but there are fewer burst pollen 
: tubes. Irom a 16-hour test. 
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‘ 
; Figure 19 
a | ; 
‘ Diagram of distribution of pollen tube ends in 270346 (11), an F: of 27374 (6), trom 
an 18-hour test. There are two modes but the second or slow-growing group has given rise 
: to many burst pollen tubes as shown at the leit. 
A 6/ 
24 36 foe 48 
6 /4 
u . — ; _—e ot we . } i : pe “ 
feo 6 7 0 (CO 
. 270346 (I) I8 Hr 
Figure 20 . 7 
Diagram from an 18-hour test of 270346 (1) another F. of the same pedigree as Fig. 19, 
but in which there was not so much bursting of pollen tubes in the second mode. 
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Figure 21 
the condition when the 


18-hour test of 270346(24) an exampie of 
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grown on the stigmas of normal plants 
under uniform temperature conditions 
for various periods of time, usually for 
from 12 up to 18 hours. Slides were 
prepared from these tests by our dis- 
section method and examined for ab- 
normalities such as a high proportion of 
ungerminated pollen, delay in pollen 
germination, pollen tubes bursting with- 
in the tissues of the style in high pro- 
portions, a bi-modal distribution of the 
ends of the pollen tubes, and other con- 
ditions representing combinations — be- 
tween several of these conditions. 

Figure 12 is the photomicrograph of 
a portion of the stigma pollinated with 
pollen from plant 27370(1). About 
half of this fully matured pollen failed 
to germinate. As mentioned above, in 
addition to the fully matured pollen 
grains whose cytoplasm stained deeply 
with the magenta stain, there were 
many empty pollen grains apparently 
devoid of protoplasmic contents. [x- 
cept for the absence of germ tubes 
these resembled the empty exines left 
on the sigma after pollen germination, 
and were not included with the “fully 
matured pollen” recorded as ungermi- 
nated in our counts. 

Figure 12 A shows the pollen tube 
distribution curve of 27370 (1) froma 
14-hour test. This diagram was made 
by counting the ends of the pollen tubes 
within the style together with the un- 
germinated pollen grains remaining on 
the stigma, and recording them in the 
appropriate interval of distance from 
the stigma. Normal-appearing pollen 
tubes are plotted above the datum line 
and abnormal-appearing pollen’ tubes 
(mostly burst pollen tubes of the kind 
shown in Figures 13 and 16) are piotted 
below this line. 

These counts were made with a 
microscope equipped with mechanical 
stage, using a + mm. objective, and an 
ocular with two properly spaced cross 
hairs. With this equipment the entire 
pollen-tube population could be counted 
throughout the length of the pistil, in 
transects running across the style. Only 
the forward ends of pollen tubes were 
counted and these counts were combined 


to give the much wider 2 mm. spaces 
of the distribution curves such as the 
one shown in Figures 124, 13A, 17, 
18, ete. 

The large group of normal-appearing 
pollen tubes at the right (Figure 124 ) 
are identified as normally growing game- 
tophytes which would reach the ovary 
to accomplish fertilization. The heavy 
vertical bar at the left represents the 
number of ungerminated pollen grains. 
Some of these have remained perfectly 
round and unchanged—entirely unger- 
nunated—while many other — pollen 
erains have burst or become irregular 
in shape. Figure 12 shows both kinds 
of these, together with many emptv 
exines, the outer spore coats of the 
pollen grains which germinated and 
gave rise to pollen tubes. The empty 
spore coats are abundant and more con- 
spicuous in Figure 14, which is from 
normal pollen, where there were very 
few ungerminated pollen grains. Fig- 
ure 15, an F. from another pedigree, is 
offered in this connection because the 
majority of the ungerminated pollen 
grains are unchanged in shape and _ be- 
cause it shows clearly a very. similar 
condition resulting from a gene which 
prevents pollen germination. 

Since about half of the gametophyte 
population remains ungerminated as 
shown in Figures 12 and 124, and nearly 
all pollen grains germinate when pollen 
of an untreated plant is similarly tested 
(Figure 14), we interpret this condition 
as due to an inherited change induced 
by radium treatment given to the pollen 
in 1927, from which plant 27370(1) 
was derived. Five independent tests of 
this Fy, plant made at various times dur- 
ing the summer of 1928 gave similar 
results, but a few of them showed that 
sometimes (in 18 hour tests) a part of 
the ungerminated pollen began to ger- 
minate after a time, and gave rise to 
pollen tubes which burst near the 
stigma. This condition is shown in 
Figure 13, and a distribution curve 
from this same test in Figure 134. 

The condition in the pollen of this 
plant was due to a gene for which plant 
27370(1) was heterozygous, manifest- 
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BURST POLLEN TUBES IN CENTRAL PART OF STYLE 
Figure 22 
Central portion of the dissected style after pollination with 27374 (6) showing 


many burst pollen tubes. 


Fig. 19 shows a similar case in an F, from this plant, 


a test which appears nearly the same as this in the upper third of the style. 


ing itself in the gametophyte generation. 
We know that it was not due to a 
chromosomal irregularity as is found in 
the pollen of 27-+-1 types where half of 
the pollen grains receive an extra 
chromosome since this plant was ex- 
amined by Dr. Bergner and Miss Satina, 
and found to have 12 bivalent chromo- 
somes. Furthermore, all 27-+1 types 
thus far recognized have been easily 
distinguishable from normal plants. We 
may therefore presume that the pollen 
vrains all had twelve chromosomes and 
that this difference, since it was in- 
herited, was due to a gene. We classify 
venes of this kind as lethals of pollen- 
tube growth since pollen grains which 
carry such genes either fail to germinate 
or burst within the style after germina- 
tion, making transmission through pol- 
len impossible. 

However, we found that this gene 
was transmitted through the eggs. In 
pedigree 2701086, which consisted of 
thirty Fs. plants grown from seeds of 
27370(1) we tested 29 of them. In the 
pollen of thirteen of them pollen-tube 
distribution curves were obtained with 
abnormalities very similar to their F;, 
parent. Figure 17 represents one of these 
in which the number of burst pollen 
tubes near the stigma, together with the 


ungernunated pollen grains, constitutes 
about half of the total count. Figure 18 
represents another case in which there 
are very few burst tubes, but a larger 
number of ungerminated pollen grains. 
Tests of the thirteen plants, heterozy- 
eous for these abnormalities fell into 
one or the other of the two conditions 
represented by Figures 17 and 18, and 
it will be seen that these are essentially 
the same as the conditions in the parent, 
Figures 12d and 132A. 

leven of the plants had pollen which 
gave perfectly normal pollen-tube growth 
tests. Figure 16 represents one of these. 
Here the conditions are essentially the 
same as in tests of ordinary 2» plants,® 
except that in Figure 16 only 18 pollen 
erains failed to germinate; usually a 
2n  2n test shows a little more un- 
germinated pollen. 

Six other plants in this pedigree 
showed a considerable number of the 
pale empty pollen grains mentioned in 
connection with plant 37370(1), whose 
proportion was estimated by Dr. J. L. 
Cartledge as 10 per cent in some cases, 
ranging up to 35 per cent in others. 
They may be discussed in a _ separate 
report on pollen abortion. These should 
probably not be considered in our sum- 
mary, but we may state that of the five 
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which were tested, four showed a high 
proportion of burst pollen tubes and 
one a condition which may be classified 
as normal with regard to pollen-tube 
growth. 

The ratio obtained in Fs was there- 
fore 11 with normal pollen-tube growth, 
to 13 with abnormalities closely resem- 
bling those of the F, generation. This 
probably represents a 1:1 ratio and is 
to be explained on the hypothesis that 
the abnormalities which we described 
as lethals of pollen-tube growth were 
inherited through the eggs but not 
through the pollen. Even if we should 
include the tests of all 29 plants in our 
summary, the ratio would be 12:17, 
but we would not be justified in assum- 
ing that this represents other than a 
1:1 ratio on the basis of a pedigree of 
only 29 plants. 

Plant 27374(6), an F, derived from 
pollen-tube treatment during growth 
(b), was tested a number of times and, 
though its pollen appeared perfect, it 
usually gave a bi-modal distribution 
curve similar to that of one of its Fo’s 
shown in Figure 20. This seems to indi- 
cate that there are two classes of pollen 
grains, those giving rise to the slow- 
growing pollen tubes and those giving 
rise to pollen tubes of normal growth 
rate. The counts show that these two 
groups of gametophytes are found in 
nearly equal proportions. Sometimes 
the pollen tubes of the second mode 
burst within the style, giving the ap- 
pearance of Figure 11, when the burst- 
ing did not involve all pollen tubes in 
the second mode. Figure 22 is a photo- 
micrograph of the middle portion of the 
stvle from a test employing the pollen 
27374(6), under the conditions of burst- 
ing in which this abnormality affected 
the majority of the pollen tubes in the 
second mode. 

The Fe. pedigree 270346 grown from 
seeds of 27374(6) contained 30 plants, 
26 of which were tested for these ab- 
normalities. We found that 12 of these 
were entirely normal. Their pollen al- 
ways gave tests similar to that of Figure 
21 or Figure 16, which are essentially 
‘similar in being uni-modal. 
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The other 14 were always either bi- 
modal, as in Figure 20, or showed the 
condition of Figure 19, in which a high 
proportion of bursting pollen tubes were 
found, with a corresponding reduction 
in the number of normal-appearing pol- 
len tubes in the second mode. Though 
some of them showed conditions in 
which considerable pollen remained un- 
germinated (12.3 per cent in Figure 
20), there were no examples which re- 
sembled Figures 124, 13A, 17 or 18. 
Actual counts were made, though in all 
but two cases in this abnormal category 
the bi-modal character of distribution, 
or the conditions shown in Figures 22 
and 19 were perfectly obvious without 
the counts. 

If the slower growing pollen tubes 
should reach the ovary they might par- 
ticipate in fertilization, but they are 
under a distinct handicap. They must 
first survive the processes of gameto- 
phytic selection. Under conditions of 
pollination with an abundance of pollen 
they could not fertilize eggs since all 
of the ovules would first be entered by 
the faster growing pollen tubes. Under 
conditions of restricted pollinations in 
which a moderate quantity of pollen is 
applied to the stigma, there is some 
chance that they might have progeny. 
However, in any case the conditions of 
pollen-tube growth must be such that an 
excessive amount of bursting of pollen 
tubes does not occur. It should be 
pointed out that the conditions for con- 
ducting our tests of pollen-tube growth 
are very favorable, compared with those 
met with under field conditions in a 
garden culture. The pollinations in our 
tests employed only moderate amounts 
of pollen. Though we have not isolated 
a plant homozygous for this gene it does 
not seem entirely impossible. Whether 
such a plant would differ in any way 
from normal plants so that it would be 
recognizable somatically is also an open 
question, for it may be that these are 
genes which affect pollen-tube growth 
more or less exclusively. On the face 
of things it would seem advisable to 
look upon these genes as semi-lethals. 


By the term semi-lethals we mean to 
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imply that these are genes of a kind 
which may prove to be subject to a 
measure of experimental control in re- 
gard to their transmission. 

An interesting fact which should be 
pointed out is that neither the 27370(1) 
plant nor any of its F»._ pedigree 
(2701086) showed any indications of a 
bimodal distribution of the pollen tubes. 
The pollen grains carrying the lethal 
gene either failed to germinate, or if 
they germinated they burst in the region 
near to the stigma. On the other hand, 
the pollen ar 27374(6) and its Fe 
progeny (270346) nearly all germi- 
nated. The abnormalities expressed in 
their pollen tubes were slow growth, 
resulting in a bi-modal curve of distri- 
bution often followed by a bursting of 
the second group which occurred at a 
point well down in the style. Not only 
is the demonstration that these abnor- 
malities are inherited of particular in- 
terest, but also the fact that they re- 
appear in the F».’s in the form in which 
they were recognized in the F,. 

Plant 27373(3), an F, derived from 
similar treatment, may be taken as a 
control plant, oie which did not carry 
genes affecting pollen-tube growth, 
though it was derived through the same 
processes of treatment. An Fe pedigree 
270320, grown from seeds of this plant 
had pollen which was likewise free from 
abnormalities of pollen-tube growth. Of 
the 23 F2 plants tested, all were found 
to be normal, eiving uni-modal pollen- 
tube distribution curves, resembling Fig- 
ures 160 and 20. 

Abnormalities of the kind described 
here are not met with ordinarily in 21 
plants.*" The pollen of homozygous 
normal plants give distribution curves 
which have been described previously, 
and tests of 40 field-grown 2n plants 
selected at random and made in 1927 
showed the usual type of pollen-tube 
distribution curve. However, the pol- 
len of (2n-+1) plants gives abnormali- 


ties somewhat similar to these, for here 
half of the pollen grains carry an extra 
chromosome. The plants with extra 
may be easily recognized 
fact that 


chromosomes 
in the field cultures. and the { 
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cytological examinations of the F, plants 
with which we were concerned ie ed 
12. bivalent chromosomes is_ further 
proof that we were dealing with plants 
heterozygous for genes, and not extra 
chromosomes. 


Summary 


We have described the following 
three conditions of genetic abnormali- 
ties obtained following radium. treat- 
ment which have become evident in the 
male gametophytes after pollination: 
(1) Failure of half of the pollen grains 
to germinate. (2) Early bursting of 
half the pollen tubes. (3) Slower 
erowth of half the pollen tubes to form 
a second mode of distribution. In the 
Is generations, segregation occurs 1n 
approximately 1:1 ratios in respect to 
normals and plants with the abnormal- 
ity shown by their Fy parents. These 
three abnormalities are probably due to 
recessive genes rather than to major 
chromosomal abnormalities since their 
F, parents had 12 closed bivalents at 
reduction and were normal in appear- 
ance. <All three are viable in the egg 
cells. Conditions (1) and (2), howmener, 
are lethal to the male gametophytes af- 
fected and hence it should not be pos- 
sible to secure plants homozygous for 
the genes in question. The other (3) 1s 
semi-lethal in that growth of the pollen 
tubes affected is not entirely prevented, 
although under normal conditions their 
erowth is too slow to allow them to 
reach the ovary. 
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A DOUBLE SEX REVERSAL IN A HEN . 


A. McCance and A. Watton 
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A “COCK” WHEN THIS PICTURE WAS TAKEN 
Figure 23 


View of the sex-reversed hen in the late summer of 1927—‘She’ did not moult. the 
following fall, and the following spring ‘she’ was given a setting of eggs and proved an 
excellent mother! Later she reassumed hen plumage and laid regularly. 


N the majority of recorded cases of The bird, a light Sussex pullet. was 

sex-reversal in the fowl the changes hatched with seven other pullets in 

in the secondary sexual characters March, 1925. In October of the same 
have been associated with definite le- year all eight commenced to lay and 
sions of the ovaries. Crew, however, continued to do so till the spring ot 
states (let. Joul. 1922, vol. 78, p. 62) 1926. All then moulted and while the 
that hens may assume cock feathering normal birds soon put on their new 
and later after several moults reassume plumage this freak remained practi- 
normal hen plumage without any de- cally nude all summer and autumn 
monstrable symptoms of ovarian dis- Early in 1927 this bird slowly assumed 
ease. No detailed descriptions of such male plumage with spurs (but no comb ) 
cases have been found in the literature, and grew two inches taller than her 
so it has been thought worth while to sisters. She commenced to rule the 
publish a short account of one which farmyard (there was no other cock). 
has been carefully observed throughout. She was observed calling the other hens 
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to food, accompanying them to the nest- 
ing boxes and shepherding them about. 
She was seen treading one of the other 


hens. During this time she laid no 
eggs. In the autumn of 1927 she failed 


to moult with the others and in the 
early spring of 1928 she was seen going 
to the nests and clacking. One dozen 
eoes were placed under her as an 
experiment. Eleven hatched and this 
ridiculous cock-like creature proved 


an excellent mother. In the late 
spring of this year she began to 


lay and continued to do so regularly 
throughout the summer. In the au- 
tumn she moulted and reassumecd 


Editor's Note: 


and Walton: 
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hen plumage. Her spurs persisted. 
Throughout the winter of 1928 ana 
spring of 1929 she laid regularly, most- 
ly double-vyolked eggs, and in May, 
1929, she was killed and dissected. 

Nothing abnormal was discovered in 
her internal organs. The ovary in par- 
ticular showed no sign of past or pres- 
ent disease. Sections of all the ductless 
elands were cut and confirmed the ma- 
croscopic findings. 

The photograph shows her as_ she 
was in the late summer of 1927. The 
tail and neck plumage are well shown 
and the spurs. Her carriage also 1s 
more like that of a cock than a hen. 


Cole in this Journal in 1927 (Vol. 18, pp. 96-106) described a some- 


what similar case of a hen masquerading as a “laying cock,’ which subsequently returned 


to female plumage. 
and produced fertile eggs, 


While still in cock plumage she was mated to a White Leghorn rooster 
but she did not raise her own family. 


wv 
Genetics Interpreted 


THE BASIS OF BREEDING, hy Leon F. WHuiItnNey. 


Pp. 260, Price $3.00. 


Karl C. Fowler, Publisher. New Haven, 1929. 


This book has been written more or 
less specifically for the layman who is 
supposed to have been baffled up to 
this time by the terrifying terms usually 
found in a production on genetics. The 
story is divided into two parts; the 
hrst dealing with the hereditary basis 
in sixteen chapters and the second part 
dealing with the physiological basis in 
eight chapters. 

The common 
used is the dog 
are drawn from 


material 
examples 
variety of 


illustrative 
although 
a large 


material including plants. There is 
nothing new about the book unless it 
is the rather unusual way i1n_ which 
the subject matter is presented and the 
brevity of some of the discussions. 
Such a plan may appear to the average 
geneticist to be unorthodox but the 
reviewer is inclined to believe that the 
lavman will find the author's presenta- 
tion rather interesting, especially the 
chapter of practical questions at the 
end with text references to the answers. 
.t. M, 


William Bateson 


“William Bateson had the rare dis- 
tinction of combining great scientific 
attainment with an outstanding capacity 
lor appreciating the artistic, literary 
and social sides of life. In the language 
of his own science he was “hetero- 
zvygous.”’ He was a lover of the classics, 
and a keen upholder of the value of a 
classical education; he was widely read 
in [english and French literature, hav- 
ing a special admiration for Balzac, 
with whose works he was very familiar ; 
although his judgment was not in- 
tallible, he was no mean connoisseur 
of art, and he possessed a fine collec- 
tion of pictures, especially of early 
Japanese prints; a judge of good wine 


and good foods—dqualities which dis- 
tinguished his term of office as Steward 
of St. John’s College—he was exceed- 
ingly hospitable and an admirable host.” 
A. biographical sketch of Bateson ap- 
peared in this Journal in 1926. Recently 
his contributions have been published 
in book form: Scientific Papers of 
William = = Bateson, William Bateson, 
Naturalist, and Letters from the 


Steppes. 





Ingravers proofs of the portraits 
appearing on the cover of the Journal 
during 1930 may be obtained by mem- 
bers of the A. G. A. by application 
to the Managing Editor of the Journal. 
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A NEW METHOD OF PRODUCTION AND 
DETECTING SORGHUM HYBRIDS 


GEORGE M. REED 


Brooklyn Botanical Garden* 


OR several years I have been en- 
gaged in the study of smut re- 
sistance in sorghums. These 
plants are attacked by ten different 
species of smut, seven of which seem 
to be local in their distribution and as 
vet have not been recorded for the 
United States. Three species—covered 
kernel smut, loose kernel smut and head 
smut—are world-wide in their distri- 
bution and are more or less common 
wherever sorghums are grown. The 
covered kernel smut is unquestionably 
the most common, wide-spread and de- 
structive disease of this group of plants. 
The head smut is interesting because 
the same species is recorded as a para- 
site on corn or maize, being especially 
destructive to this crop in Australia. 
There is definite evidence, however, 
that the head smuts of maize and 
sorghum are distinct specialized races’. 
The sorghums include very diverse 
tvpes of cultivated plants derived from 
various parts of the old world. In 
northern China and Manchuria the 
Kaohangs are extensively cultivated; in 
India, Jowar ranks third among the 
cultivated crops; sorghums are very 





widely distributed in Africa and are a 
staple crop of a large proportion ot 
the native population. Broom corn has 
been cultivated in Italy for at least 
three hundred years and today is an 
important agricultural product in Italy 


and Hungary. 


The sorghums, possessing a_ special 
value on account of their drought re- 
sistance, have been introduced into the 
United States from different parts of — the 
the world and are grown for a variety 
of purposes. From the agronomic stand- 
point, they may be grouped into four 
classes: 1. Broom corn, grown primarily 
for the brush used in the manufactur 


of brooms; the crop is mainly produced 

in| Oklahoma and_= adjacent _ states. 

2. Grass sorghum; the most important 

one 1s Sudan grass, which is grown for 

forage for stock. 3. Sorgo, or the 

saccharine sorghums, many of which 
are used for the manufacture of sirup, 
being grown for this purpose in most 
of the Southern States. In recent years 
these varieties have proved to be ex- 
tremely valuable as forage plants for 
stock. 4. The grain sorghums, varie- 
ties valuable primarily for their grain, 
as Durra, Feterita, Kafir, Milo, Kaoliang 
and Shallu. kansas, Oklahoma and 
Texas are the leading states for their 
cultivation. 

Smut Resistance of Sorghum Varieties 


The most extensive data on the smut 
resistance of sorghums have been ob- 
tained with the covered kernel smut”. 
$y far the larger number of varieties 
grown in the United States, including 
3room corn, Sudan grass, Kafir, Durra, 
Sorgo, Shallu and most of the Kao- 
liangs, are susceptible to this disease. 
A few varieties, however, have stood 
out as resistant, the most conspicuous 
being Feterita, Milo, Darso and an oc- 
casional variety of some of the other 
eroups. There is evidence, however, 
that specialized races of the covered 
kernel smut exist and, consequently, the 
problem of varietal susceptibility 1s as- 
sociated with that of the existence of 
these specialized races.'” 

Qn account of the marked differences 

in the resistance and susceptibility of 

varieties to known races of the 
smuts, it was thought that hybrids be- 
tween certain ones would be favorable 
material for the study of the inheritance 
of resistance to smut. Accordingly, 
e various crosses, such as Feterita 
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Sumac Sorgo, Blackhull Kafir & Stand- 
ard White Milo and Feterita «* Dawn 
Kafir, have been obtained and the sus- 
ceptibility of the plants of the second, 
third and, to some extent, the fourth 
generation of these hybrids has been 
tested. 


The Flowers of Sorghum 


Sorghums are not particularly easy 
plants to cross. The flower is small 
and the glumes are rather stiff. Fur- 
ther, when a successful cross is made, 
only one seed or grain results from the 
operation. 

The inflorescence of the sorghum is 
a panicle. In some varieties, such as 
Feterita, Kafir, Durra and Kaoliang, it 
is relatively compact, while in others, 
such as Black Amber and Red Amber 
Sorgo, it is loose and spreading, a 
condition which reaches its maximum 
in Broom corn. The spikelets are ar- 
‘anged in pairs along the rachis. The 
basal spikelet or each pair is perfect, 
consisting of the two outer glumes en- 
closing the ovary with the two branched 


stigmas and the three stamens. The 
upper spikelet, borne on a short stalk, 


is sterile, or sometimes staminate. 

The flowers at the apex of the 
panicle are the first to open and for a 
period of several days the flowers con- 
tinue to develop towards the base. The 
stigmas of the flowers mature and push 
out first, followed later by the stamens. 
Probably the stigmas are generally 
polling ited by pollen from the flowers 
located higher up in the panicle. All 
sorghums seem to be entirely self-fer- 
tile, since heads, properly bagged, will 
regularly set an abundance of seed. In 
most cases, however, pollination takes 


place from different flowers on the 
same head and not from the same 
flower. 


Natural Crossing of Sorghum 
Varieties 


The sorghums seem adapted to wind 
pollination and doubtless the pollen may 
variety to another 
To some extent, how- 
carried hy in- 


be carried from one 
by this agency. 
ever, the pollen may be 
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sects, since various beetles and _ bees 
visit the flowers in great numbers. 
Natural crossing between the varieties 
is known to occur when different varie- 
ties are grown adjacent to each other. 
Ball’ states that as high as 50 per cent 
of the seed may be cross pollinated 
when varieties flowering at approxim- 
ately the same dates are growing side 
by side. The direction of the prevail- 
ing wind influences the amount of cross 
pollination. Graham*® observed cross 
pollination between various varieties. 
The highest percentage which he ob- 
tained was 20 per cent. WKarper and 
Conner* recorded the amount of natura! 
crossing between Standard Yellow and 
Standard White Milo, two varieties of 
about the same height and whose pani- 
cles develop at approximately the same 
time. Out of a total of 13,430 plants, 
788 were evidently cross pollinated with 
the Yellow Milo pollen, a percentage of 
crossing of about 6 per cent. Sieglin- 
ger'! made further studies on cross 
pollination between these two varieties, 
and obtained a percentage of crossing 
of 9.38, or 276 plants out of a total of 
3,462. 

‘inall and Cron ' have been success- 
ful in making numerous crosses of 
sorghums by artificial hybridization, and 
Vinal has described a method for 
making the crosses. Sorghum hybrids 
are favorable material for the study of 
the inheritance of various characters, 
and several workers, as Conner and 
Karper.- Graham,? Ramanathan,’ Sie- 
elinger'= and Vinall and Cron'* have 
described their results. 
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Color of Sorghum Seedlings 


During the course of our experi- 
ments, the germination of the seedlings 
of most sorghum varieties was observed. 
It was noted that in some varieties, of 
which Dawn Kafir is a typical illustra- 
tion, the young seedlings, after emerg- 
ence from the soil, are pale yellow- 
green to green in color. When the 
seedlings are ten to fifteen days old, 
being at that time three to four inches 
tall with two to three leaves, the vivid 
ereen color is well defined in the leaves 
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RED AND GREEN SEEDLINGS OF SORGHUM 


Figure 
To the left are three red and to the right three green seedlings. 


25 
The specimens actually 


photegraphed are F, plants of the cross Feterita & Red Amber Sorgo, and the contrast be- 
tween the two types of seedlings is well shown. 


and their sheaths. The first sheath or 
coleoptile, however, is pale yellowish 
green above the soil level, gradually 
shading to pale yellowish white below. 
Other varieties which produce green 
seedlings are Feterita, Shallu and Black 
Amber Sorgo. In Feterita we find a 
less brilliant green coloration than in 
some of the others, as the seedlings are 
often slightly flushed with a_ pinkish 
Lone. 

In contrast to these green seedlings 
of the Dawn Kafir are the seedlings of 
the Red Amber Sorgo. These, taken 
at the same age, have a very distinct red 
coloration of the emerged coleoptile and 
the sheath of the first leaf, the color 


even extending more or less into the 
hase of the leaf blade. The part of the 
coleoptile below the soil is pale yellow- 
ish white and contrasts strikingly with 
the deep red color of the emerged por- 
tion. There is, therefore, a sharp con- 
trast between the green seedlings of the 
Dawn Kafir and the red seedlings of 
the Red Amber Sorgo (Figures 24 and 
25). Other red seedling types are Su- 
mac Durra, Milo and_ several 
varieties of Kaoliang. 

A second observation in our seedling 
germinations was the fact that the Fe 
seedlings, grown from the seed of the 
F, plant of the hybrid Feterita & Su- 
mac two kinds—red 


Sorgo, 


Sorgo were of 
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HYBRID VIGOR OF SORGHUMS 
Figure 26 


To the left are four plants of Dawn Kafir, a green seedling type, and to the right four 


hybrid plants grown from red seedlings taken from the same seed pan. 


The seed of all eight 


plants came from the same head of Dawn Kafir which had been pollinated with pollen from 


Standard Yellow Miulo. 


The hybrid plants varied from 9 to 9% feet in height. 


Yellow 


Milo plants grow from 6% to 7% feet in height. 


seedlings and green seedlings. Usually 
these could be readily distinguished 
from each other, the red_ seedlings 
greatly predominating. Several pre- 
liminary counts indicated a ratio more 
or less approaching three red seedlings 
to one green, with the red color domin- 
ant. 

These two observations suggested a 
simple way of obtaining and detecting 
hybrids between certain desired sorghum 
varieties. 


Method of Cross-Pollinating the 
Varieties 


The method of procedure was to se- 
lect two varieties which differ in their 
seedling color, such as Dawn Kafir and 
Red Amber Sorgo. The heads of both 
plants, as soon as they began to emerge 
and before any flowers had opened, 
were carefully bagged. As soon as 


open flowers appeared, the pollen col- 
lected on the Red Amber Sorgo, the 
red seedling parent, was shaken over 
the head of the Dawn Kafir. Both 
heads were re-bagged and this operation 
of dusting on the pollen was repeated 
at two-day intervals several times, or as 
long as flowers continued to open on the 
green seedling parent. 

The procedure was based on the as- 
sumption that the foreign pollen would 
reach the stigmas of at least a few of 
the flowers at the right time in a viable 
condition and bring about cross pollina- 
tion. It was expected that most of the 
flowers would be selfed, due to the rela- 
tive abundance of pollen from other 
flowers on the same head. It was also 
probable that this pollen would be more 
viable and also reach the stigmas at the 
proper time as compared with that 
introduced from the other plant. 
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DAWN KAFIR « RED AMBER SORGO 
Figure 27 


To the left are two plants of Red Amber Sorgo and to the right two of Dawn Kafir. 
The seed of the four middle plants was taken from the same head of Dawn Kafir, which 
had been pollinated with pollen of Red Amber Sorgo. Plants 3 and 4 from the left came 
from red seedlings, while plants 5 and 6 came from green seedlings. Evidently plants 3 and 
4 are true hybrids, while 5 and 6 resemble exactly the Dawn Kafir parent. Hybrid vigor 1s 
shown by the slightly increased height and also by the larger, more productive heads. 
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HYBRID VIGOR AND INTERMEDIATE INHERITANCE 


Figure 28 


Black Amber Sordo Dwarf Yellow 


Vilo. A single plant of the Black Amber 
Sorgo is shown on the left. one of Dwart 
Yellow Milo on the right, and the Ff; plant 
in the middle. The latter shows exceptional 
hybrid vigor. 


Figure 29 
Fetertta & Manchu Kaoliang. The Man- 
chu Kachang is shown on the left, the F; 
plant in the middle, and the Feterita on the 
right. So far as height is concerned, the 
hybrid plant is intermediate between the two 
parents. 
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id of Detecting the Occurrence 
of the Hybrids 


Che head of the Dawn Kafir or other 
seedling parent used was_ per- 
to mature. The seed was then 
ed and later germinated in sand 
uiu.c favorable temperature and mois- 
ture conditions. If the method of pro- 
ducing hybrids was successful, it was 
expected that two types of seedlings 
from the same head would be obtained, 
most of them coming from selfed flow- 
ers being green, the characteristic color 
of the mother plant, and others red, due 
to the foreign pollen, and hence hybrids. 
The red seedlings were, of course, the 
voung F, plants and were recognized by 
their dominant red color. 


Preliminary Experimental Data 


In the fall of 1926 a head of Feterita, 
a green seedling type, was pollinated in 
the above manner with pollen from 
Standard White Milo, a red seedling 
variety. In the same way, a head of 
Blackhull Kafir was pollinated with Red 
Amber Sorgo pollen, and another head 
with pollen from Valley Kaoliang. The 
following spring the seed from these 
three heads was greminated. From the 
Feterita 257 seedlings were secured and 
11 of these (4.2 per cent) were red in 
color. These seedlings were trans- 
planted to the field and grown to ma- 
turity and they all proved to be hybrid 


plants. For purposes of comparison, 
ten of the green seedlings from _ the 
same seed pan were also grown to 


maturity and these proved to be typical 
of the female parent—Feterita. 

From the head of Blackhull Kafir 
pollinated with pollen from Red Amber 
Sorgo, 1097 seedlings were germinated 
and four (0.36 per cent) were red, and 
from the head of Blackhull Kafir, cross- 
pollinated with Valley Kaoliang, a total 
of 694 seedlings were grown, of which 
23 (3.3 per cent) were red in color. 
In both these cases the red seedlings 
were grown to maturity and in every 
case proved to be hybrids. Along with 
each set ten green seedlings from the 
same germinating pans were also grown, 
and these proved to be identical with 
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the Blackhull Kafir or female parental 
variety. 

These preliminary results indicated 
the effectiveness of the method of pro- 
cedure. It is evident that if foreign 
pollen is introduced onto a head in the 
blossoming stage, at least some of the 
flowers will be cross pollinated, and the 
detection of the hybrids may be made 
at the time when the seed is germinated. 
Only those seedlings which appear to 
be hybrids need be grown to maturity 
and in this way the relatively large 
numbers of seedlings from self pol- 
linated flowers may be discarded and 
the space and labor spent upon growing 
them saved. Further, the effort in- 
volved in the cross pollination is rela- 
tively little as compared with the tedious 
hand method of procedure which in- 
volves the emasculation of individual 


flowers and the later application of the 
desired pollen. 


Later Experiments 


The results from the first year were 
so highly successful that essentially the 
same method was employed to secure 
additional hybrids between a large num- 
ber of different sorghum varieties. 
During August and September 1927 the 
pollinations were carried out. The 
green seedling varieties used as the fe- 
male included Darso, Feterita, Dawn 
Kafir, Sunrise Kafir and Dakota Amber 
Sorgo. Among the red seedling par- 
ents were Brown Durra, Barchet Kao- 
hang, Manchu Kaoliang, Red Amber 
Sorgo, Red Jowar and three varieties 
of Mulo—Standard Yellow, Standard 
White and Dwarf Yellow. 

The ripe heads were collected and 
early in the spring of 1928 the seed 
from these was germinated and _ the 
number of green and red seedlings ob- 
served. In practically every case both 
types of seedlings were secured al- 
though, as in the previous year, the 
number of green seedlings greatly pre- 
dominated. The percentage of red 
seedlings varied from less than one per 
cent to as high as 18.3 per cent. The 
highest percentage was obtained when 
Dawn Kafir was used as the green 








140 The Journal of Heredity 


seedling parent. This variety with Red 
Amber Sorgo gave 18.3 per cent, with 
Dwarf Yellow Milo 16.6 per cent, and 
with Standard Yellow Milo 10.0 per 
cent red seedlings. 

Most of the red seedlings obtained 
in these germination tests were trans- 
planted to the field and grown to ma- 
turity. Along with them seed of both 
parents, as well as green seedlings from 
each seed pan were planted. Accord- 
ingly, there was a direct opportunity for 
observing the characteristics of plants 
from seed from the same identical head, 
arising from green and red seedlings 
respectively, growing alongside’ the 
original male and female varieties. 

A total of 169 red seedlings from all 
crosses were obtained and of these 147 
were grown to maturity. All except 
two proved to be hybrids. In 1929 an 
additional quantity of seed of a few of 
these hybrids was grown. In this year, 
42 red seedlings from five of the differ- 
ent crosses were obtained. These were 
grown to maturity and all of them 
turned out to be hybrids. In each case 
ten green seedlings were also grown to 
maturity, and two of these turned out 
to be hybrids, not having been detected 
in the seed pan. These results certainly 
indicate a high degree of effectiveness 
in the method of producing and detect- 
ing the hybrids. 

In 1928 a somewhat different pro- 
cedure was tried out. Heads of Feterita 
and of Red Amber Sorgo were secured 
under the same bag and the plants were 
casually shaken at intervals during the 
subsequent days. The Feterita head 
was saved, the seed germinated and the 
young plants examined for red_ seed- 
lings. This modification of the proce- 
dure was effective, for out of a total of 
681 seedlings germinated, 56 (8.2 per 
cent) were red and when grown to 
maturity proved to be true hybrids. 

The question may be raised as to 
why there was not a much larger num- 
ber of successful cross pollinations. 
Perhaps the environal conditions fur- 
nish part of the explanation, since in 
general they were unfavorable. Each 
year the period during which the work 


was carried out was characterized by a 
great deal of rainy, humid weather. 
There was also the problem of applying 
the pollen at the proper time, when the 
stigmas were in a receptive condition, 
and no special studies were made as to 
its viability. 

There are, of course, very obvious 
limitations of the method. In every 
case the female parent must be a green 
seedling type, since the red _ seedling 
color is the dominant character. If the 
pollination is carried out in the recipro- 
cal manner, it would be impossible to 
distinguish between the true breeding 
red seedlings of the female parent and 
those that might be hybrids. Accord- 
ingly, reciprocal crosses are not possible 
by the method. However, the ease of 
obtaining a large number of desired 
crosses is so obvious that it has distinct 
advantages, and the reciprocal crosses 
may be secured by the more tedious 
single-flower method. The method of 
securing IF, plants and their subsequent 
detection is effective. Only rarely is a 
hybrid plant overlooked or a mistake 
made in picking out a green type. It is 
evident the method is a very successful 
one for the purposes intended. 


Hybrid Vigor of the F, Plants 


One of the striking features of some 
of the Fy plants was their remarkable 
vigor as compared with the parental 
varieties (Figures 26, 27,28). This was 
especially evident in crosses involving 
Dawn Kafir and Dwarf Yellow Muilo. 
The F, plants grown averaged 7% to 8 
feet in height, while the Dawn Kafir 
plants were 3% to 4% feet and the 
Dwart Yellow Milo 4+ to 4% feet; thus 
the F, plants had a height nearly equal 
to the combined height of the two 
parents. Dawn Kafir * = Standard 
Yellow Milo also gave striking evidence 
of hybrid vigor. In this case, the F, 
plants varied from 9 to 9% feet, 
Dawn Kafir from 3% to 4%, and the 
Standard Yellow Milo from 6% to 7% 
feet. Black Amber Sorgo * Standard 
Yellow Milo and also Black Amber 
Sorgo & Standard White Milo showed 
distinct evidence of increased hybrid 
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vigor, the hybrid plants being 8 to 9% 
feet in height, while the Black Amber 
Sorgo was 6 to 6% and the Milo 
parents 7 to 7% feet. The height of 
the F, plants of Feterita > Durra, 
Feterita & Red Amber Sorgo, and 
Dawn Kafir & Red Amber Sorgo, was 
about equal to that of the taller male 
parent. In the cross between Feterita 
and Manchu Kaoliang, the F,; plant was 
somewhat intermediate in height  be- 
tween the two parents (Figure 29). 

Not only was there a marked in- 
crease in the height of the stalk of 
some of the F; plants as compared with 
their parents, but the panicle or head 
was greatly enlarged. This resulted in 
an unusual increase in the number of 
seeds which were produced (Figures 
27, 28, 30). 

Accompanying this hybrid vigor was 
increased stooling and lateness of ma- 
turing. In most cases, the F, plant 
matured slightly later than the late ma- 
turing parent. In the crosses involving 
the varieties of Milo as one of the 
parents, there was a very marked delay 
in the maturing of the hybrid; in fact, 
it was so much so that good ripe seed 
in none of these crosses was obtainable, 
although the more or less immature seed 
gave a high percentage of germination. 


Inheritance of Seedling Color 


Since the red color is dominant in 
the seedlings, it 1s interesting to know 
how it will be distributed among the Fo» 
population. Accordingly, large quanti- 
ties of seed from different Fy plants 
have been germinated in order to de- 
termine the occurrence and distribution 
of the two types of seedlings. The 
most extensive series was carried out 
during August and September 1929, 
when conditions appeared particularly 
favorable in the greenhouse. The days 
were bright, the temperature quite high, 
and the seedlings grew rapidly. The 
data could be obtained in about nine 
days, and the differences showed up 


clearly for at least a week longer 
(Figure 24). 
Table I shows the number of Ff; 


plants of the different crosses, the total 
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number of seedlings grown, the number 
of red seedlings, the number of green 
seedlings, and the percentage of the 
latter. In most cases the two types of 
seedlings could be readily distinguished. 
There were variations in the intensity 
of the red color, but ordinarily there 
was enough difference to permit a 
proper classification. 

The lowest percentage of green seed- 
lings obtained was 21.2 per cent with 
the cross Feterita & Red Amber Sorgo. 
In this case there was a total of 377 
plants, of which 297 were red and 80 
were green. The highest percentage of 
green seedlings recorded in the table 
was 36.3 per cent, in the hybrid Black 
Amber Sorgo & Dwarf Yellow Milo; 
99 seedlings were grown, of which 63 
were red and 36 were green. 

The combined data of the 31 crosses, 
involving 12 combinations of varieties, 
gave 3743 total seedlings, of which 
2683 were red and 1060 green, the 
percentage of the latter being 28.3. It 
is evident from the germination tests 
of all these hybrids that segregation in 
the second generation occurs approxim- 
ately in the ratio of three red seedlings 
to one green seedling. 


Value For Class Purposes 


This particular material has proved 
of special value for the purpose of 
teaching students simple segregation of 
a character in the second hybrid genera- 
tion. It is extremely interesting to 
watch the germination of the young 
seedlings and the gradual differentiation 
into red and green. The period during 
which they may be observed to ad- 
vantage varies from one to three weeks. 
In most cases there is no difficulty in 
distinguishing the red _ seedling type 
from the green. There is further the 
advantage in the fact that the seedlings 
are very easily grown under ordinary 
laboratory conditions. 


Inheritance of Smut Resistance 


I¢xtensive data have already been ob- 
tained on the inheritance of the smut 
resistant quality in sorghum hybrids.® * 
In this study, however, several difficul- 
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DAWN KAFIR <« STANDARD YELLOW MILO 
Figure 30 


On the leit a head ot Dawn Kafir, on the right a head of Standard Yellow Milo, and in 
the middie the greatly enlarged and preductive head of the F, plant. 


ties have been encountered. Successful 
infection of sorghums by the covered 
kernel smut is greatly influenced by 
environal conditions such as soil tem- 
perature, soil moisture and soil acidity.” 
It 1s extremely difficult to obtain the 
most favorable combination of these 
factors in order to secure the maximum 
number of infected susceptible plants. 


Some of our data are recorded in the 
accompanying Table II. With the cross 
Feterita & Sumac Sorgo, Fy». plants in- 
oculated with covered kernel smut were 
grown during each of the six years 
1924 to 1929, along with the two 
parental varieties. The infection of 
the susceptible parent, Sumac Sorgo, 
varied from 38.3 per cent in 1924 to 
86.1 per cent in 1926. The average 
for the six years was 50.9 per cent, 
601 plants being inoculated. Feterita, 
during the same period, gave only one 


infected plant out of a total of 515. 

The Fs plants of the Hybrid 1-A 
gave percentages of infection varying 
from 23.5 per cent in 1928 to 69.6 in 
1926. During the six years a total of 
954 plants have been grown, of which 
446 (46.7 per cent) were infected. 
With the second hybrid 1-B, the highest 
percentage of infection was 67.1 per 
cent in 1926, and the lowest 33.8 per 
cent in 1928; out of a total of 926 
plants grown, 380 (41.0 per cent) were 
infected. It is especially interesting to 
note that high percentages of infection 
of the Fs generation of the hvbrid were 
obtained in those years when the Sumac 
Sorgo gave the greatest number of 
smutted plants. 


While by no means conclusive, the 
results suggest that susceptibility 1s 
dominant, and if it were possible to 
secure approximately 100 per cent in- 
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Reed: Sorghum Hybrids 


fection of the susceptible Sumac Sorgo, 
we might expect that the second genera- 
tion of the hybrid would give approxi- 
mately three smutted plants to one nor- 
mal. 

The results with another hybrid be- 
tween Blackhull Kafir and Standard 
White Milo are also interesting. In- 
oculated F. plants were grown from 
1924 to 1927, and these gave infections 
varying from 6.2 to 17.1 per cent. Dur- 
ing the four years, 620 plants were 
erown, of which 64 (10.3 per cent) 
were infected. During the same period 
the susceptible parent, Blackhull Kafir, 
gave 56.5 per cent infection or 216 
plants out of a total of 382. Standard 
White Milo, on the other hand, gave 
completely negative results all four 
years, a total of 373 inoculated plants 
being grown. 

The results with this hybrid suggest 
a very different situation as compared 
with the previous one. In this  par- 
ticular cross, the results obtained indi- 
cate that resistance is dominant and that, 
under the most favorable conditions, 
not more than one-fourth of the F» 
plants would be smutted. 


Several of the descendants of the Fe 
plants of these hybrids have been car- 
ried through to the third and fourth 
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shown various combinations with the 
other characters of the two parental 
varieties. Completely resistant lines, 
resembling the susceptible parent in 
many characters, have been separated 
out. Thus it seems entirely possible 
to produce new types with any desired 
combination of morphological or agro- 
nomic characters, together with a high 
degree of resistance to smut. 
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World’s Fourth Poultry Congress 


HE World’s Fourth Poultry Con- 

gress will be held at the Crystal 
Palace, London, England, from July 
22 to July 30, 1930. The British Gov- 
ernment cordially invites all persons 
interested in any aspect of poultry 
husbandry in any part of the world to 
be present. 

The Crystal Palace, chosen as_ the 
venue of the Congress, is easily ac- 
cessible from London, and a continuous 
service of fast electric trains, with a 
journey time of 15-20 minutes, will 
be run from several London. stations. 
All business phases of the Congress— 
the paper reading sessions, national 
displays, livestock and commercial ex- 
hibits—will be held at this centre. 
Immediately the Congress proper termi- 
nates, a series of tours in England and 
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Wales, Scotland and Northern Ireland, 
covering a total period of eleven days, 
will be arranged for delegates. 

Five sessions will be held 
taneously, as follows: 

(a) Breeding and incubation; (bd) 
Nutrition and rearing; (c) Diseases 
and their control; (d) Economics, im- 
cluding marketing; (e) Education and 
general. 

Sessions will be held in the mornings 
during the period of the Congress. A 
separate session for papers dealing with 
rabbits, pigeons, ete., will probably be 
arranged. 

All) communications respecting — the 
Congress should be addressed to the 
Congress Secretary, Dr. V. E. Wilkins, 
Mimstry of Agriculture and Fisheries, 
10, Whitehall Palace, London, S. I. 1. 
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